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ABSTRACT
Diabetic and normal glomerular basement membranes have been 
examined chemically and immunologically for differences which could 
be pathognomonic of diabetes mellitus. Kidneys were obtained at 
post-mortem from diabetic subjects, normal subjects over sixty years 
and also from normal subjects under thirty years following fatal 
road accidents.
Solubilisation of isolated glomeruli was effected by (a) 
enzymic digestion using collagenase and (b) chaotropic reagents; 
the solubilised components were identified by immunoelectrophoresis 
and polyacrylamide gel electrophoresis. A similarity of the antigenic 
components between all three groups was noted.
Carbohydrate analysis of the glomerular basement membranes 
from diabetic and old normal groups aged above sixty years showed a 
decrease in sialic acid and glucose content with an associated increase 
in hexosamine, galactose and total hexose when compared with normal 
subjects aged below thirty years. The molar ratio of galactose/glucose 
was higher in the diabetic and old normal groups which, since the ratio 
of galactose to hydroxylysine was similar in all groups, indicates an 
increased number of hydroxylysine/galactose residues in diabetics and 
old normals. Amino acid analyses of glomeruli showed an increase in 
hydroxylysine, glycine and proline in diabetic and old normal groups 
only and there was also an associated decrease in lysine and histidine.
The diabetic kidney was studied for the presence of antibody to 
basement membrane using immunofluorescence. The results showed an 
inherent fluorescence in diabetic and old normal kidneys and a 
deposition of immunoglobulin in some diabetic kidneys. Diabetic sera
were also investigated using indirect immunofluorescence, but no 
antibody was detected.
Further, leucocytes from diabetic patients were investigated 
in vitro for a cell-mediated response to basement membrane antigens 
using the leucocyte migration inhibition test. Inhibition of 
migration was not detected either with normal or diabetic glomerular 
basement membrane.
The differences observed between diabetic and young normal 
glomeruli could be due to an acceleration of processes associated with 
age. In the light of the present findings investigation of the 
chemical and immunological differences between glomeruli from juvenile 
diabetics and young normal glomeruli should prove interesting.
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CHAPTER I
INTRODUCTION
INTRODUCTION
The aim of this study is to investigate the biochemistry 
and immunology of diabetic glomerulosclerosis.
Diabetic glomerulosclerosis is a frequent complication of 
longstanding diabetes mellitus* in spite of the efficacy of insulin 
therapy. It would appear that the changes in the blood vessels are 
caused by something more fundamental than an apparent deficiency 
of insulin* since these changes continue in spite of insulin 
supplementation (Farquhar* Hopper & Moon* 1959)*
In recent years it has been shown that diabetic vasculitis 
may occur in the absence of clinical diabetes. The small blood 
vessel changes in diabetic retinopathy (Bloodworth* 1965) and 
diabetic nephropathy (Marble, Wilson &• Root* 1951) are examples and 
similar changes in the small blood vessels can be found in the skin 
disease Necrobiosis Lipoidica. Of the patients studied with this 
disease 95$ had diabetes mellitus and some developed diabetes later. 
Moreover* 50$ of patients who do not have diabetes will show 
abnormal glucose tolerance curves when subjected to the stressed 
prednisone glucose tolerance test (Hill* Rhodes* Sheldon* Ames & 
Hollister, 1966).
Histological Appearance of Diabetic Glomerulosclerosis
Kidney lesions associated with diabetes mellitus have been 
described by Kimmelstiel and Wilson (1956).
The gross appearance of the diabetic kidney may be enlarged* 
normal or reduced in size with smooth subcapsular surfaces. The
smaller kidneys may show subcapsular scars and sometimes 
granularity. The glomeruli show various abnormalities; a nodular 
lesion* a diffuse form of lesion, an exudative or fibrin cap lesion 
and the capsular drop lesion (Lambie & MacFarlane, 1955; Farquhar* 
Hopper & Moon* 1959; Le Compte, 1965; Kimmelstiel, Osawa & Beres*
Nodular lesion. This lesion was first described by Kimmelstiel and 
Wilson (1956) and consists of rounded eosinophilic nodules usually 
found towards the periphery of the glomerulus and is Periodic 
Acid Schiff (PAS) positive. Some glomeruli may have an increase of 
hyaline material at the centres of the lobules, which is 
characteristic of a post-streptococcal acute glomerulonephritis.
Diffuse lesion. This lesion consists of a relatively widespread in­
crease of eosinophilic PAS-positive material in the mesangium as 
shown by Sptihler and Zollinger (1945). The interpretation of the 
diffuse lesion has led to some confusion. To some it means an 
increase of the intercapillary or mesangial substance whereas to 
others it implies a diffuse basement membrane thickening of the 
glomerular capillaries as seen in idiopathic membranous glomerulo­
nephritis. In diabetes* the thickening of the capillary basement 
membrane is also accompanied by a thickening in the mesangial 
membrane.
Fibrin cap lesion. This has a foamy appearance and lies in the
concavity of the capillary at the periphery of the lobule. This 
lesion is not specific for diabetic glomerulosclerosis and may be
1966).
seen in glomerulonephritis* systemic lupus erythematosus and in 
steroid therapy.
Capsular drop lesion. This can be seen as an eosinophilic mass at 
the inside of Bowman's capsule between the basement membrane and the 
parietal epithelial cells.
The histochemical demonstration of carbohydrate-containing 
material in the characteristic diabetic glomerular lesion (McManus* 
1948) led some workers (Kawamura* Kawanishi & Nagano* 1969) to 
investigate the possibility that a deranged metabolism of a 
mucosubstance might exist and contribute to the vascular lesion 
(Spiro* 1965).
Further work on the chemistry of basement membrane revealed 
that it is made up of a collagen-like molecule and glycoproteins 
(Kefalides & Winzler, 1966; Spiro* 1967 a; Spiro* 1967 b; Huang 
& Kalant* 1968; Mahieu & Winand* 1970 a; Mahieu & Winand* 1970 b).
The Chemistry of Glycoproteins
Glycoproteins may be described as macromolecules composed 
of one or more polypeptide chains that are formed by the normal 
processes of translation at polysomal level and to which sugar 
molecules are attached througjh covalent bonds.
The glycoproteins comprise a very large number of compounds 
of biological importance. These include mucous secretions* enzymes* 
hormones* antibodies and membranes* blood vessels and skin* and are 
commonly found in epithelial secretions. Increasing attention has
been drawn to the medical importance of glycoproteins for they 
have been implicated either directly or indirectly in the 
pathological processes ranging from neoplasia to diabetes mellitus.
quite low values (0.8$) as in collagen to over 80$ in the blood 
group substances present in ovarian cysts (Marshall & Neuberger*
The proteins do not have any unique amino-acid composition 
but they do contain a characteristic group of sugars which include 
D-Mannose* D-Galactose* D-Glucose* L-Fucose and the amino sugars*
2-amino-2-deoxy-D-glucose and 2-amino-2-deoxy-D-galactose and 
sialic acid. The amino sugars are invariably n-acylated* the 
hexosamines with acetyl* and sialic acid with acetyl or glycolyl 
groups.
Carbohydrate - protein linkages. Of the many amino acid residues 
whose side chains are of such a nature that glycosylation may be 
possible* only asparagine* serine* threonine and 5-hydroxy-L-lysine 
have been unequivocally demonstrated to be commonly involved in such 
linkages. The number of types of sugars involved in these .linkages 
are* apparently* also strictly limited.
The carbohydrate content of a glycoprotein may vary from
1970).
Amino Acid Corresponding sugar to be linked
L - Asparagine 2 acetamido-2-deoxy-D-glucose
L - Threonine 2 acetamido-2-deoxy-D-galactose
L - Serine 2 acetamido-2-deoxy-D-galactose 
or D-xylose
5-Hydroxy-L- lys ine D-galactose
Other sugars, such as L-arabinose, have also been reported 
to be in direct linkage with a protein. L-arabinose may also be 
linked to L-serine and L-threonine in a hyaluronic acid polypeptide 
complex from ox vitreous humor.
1. 2 Acetamido-l-N-|3-L-asparty 1-2-deoxy-|3-D-glucopyranosylamine
as a linking moiety
CH OH
HO’ N.H
HO- I— C— CH — C— C0oHNH
Ac
2 Acetamido-l-N-J3-L-aspartyl-2-deoxy-j3-D-glucopyranosylamine
In this compound, the anomeric, carbon atom of the 2 acetamido 
2-deoxy-D-glucosyl group is j3 linked to the amide group of L-asparagine. 
Many glycoproteins are now known in which this type of linkage exists; 
included amongst these are the egg white proteins, namely albumin, 
ovomucoid and avidin, and serum proteins such as caeruloplasmin, fetuin, 
fibrinogen, transferrin, immunoglobulin and orosomucoid.
2. Linkages in which 0xy-2-Acetamido-2-deoxy-«-D-galactopyranoside
is linked to the hydroxyl group of L-serine or L-threonine residues
HO
CH0OH
HO-
AcNH
9
HO.C— C— C— R
2 II
H2N h
0xy-2-acetamido-2-deoxy-«C-D-galactopyranosyl-L-serine (R= H)
or L-threonine (R= Me)
Structures of this type occur in a number of glycoproteins 
derived from the submaxillary glands of sheep.
5. 0xy-j3-D-xylopyranosyl-]>serine as a carbohydrate-peptide 
linking moiety
HO
NHHO
O — CH — C— CO HHO
H
Oxy-p-D-xylopyr anosyl-L- se rine
D-xylose has been isolated from enzymic digests of chondroitin-6- 
sulphate-protein complexes from a variety of animals i.e. fish, 
reptiles, birds and man (nasal septa). This linkage is also present 
in the enzyme cc-amylase.
4. 5-0-j3-D-Galactopyranosyloxy-L-lysine as a linking moiety
HO
HO
HO
H N — CH— C— CH.CH — C — C00H 2 2 ! 2 2 ! 2
H H
5- 0-J3-D-Galactopyranosyloxy-L- lysine
This linkage occurs at the junction of the oligosaccharide 
units with the polypeptide chain in both citrate-soluble and
citrate-insoluble collagen in the lens capsule of the eye (Spiro 
& Fukushi, 1969) and in the basement membrane of the ox kidney 
glomerulus (Spiro, 1967 c)»
Polypeptide chains carrying more than one type of carbohydrate - 
peptide linkage. Glycoproteins may be grouped according to the nature 
of the carbohydrate-protein bond contained but this cannot result 
in a rigid classification. Cartilage contains glycoproteins in 
which there are residues of (a) L-asparagine that are substituted 
with 2-acetamido-2-deoxy-D-glucose and that to some extent may be 
part of the keratin side chains; (b) L-serine substituted by 
D-xylose attached to chondroitin sulphate polysaccharide moieties 
and (c) L-serine and L-threonine to which 2-acetamido-2-deoxy-D- 
galact'ose residues are attached and which will form part of small 
oligosaccharide moieties.
Collagen and basement membrane may also contain several 
types of carbohydrate-protein linkages. They clearly contain 
linkages in which 5-hydroxy-L-lysine is involved (Spiro, 1967 b) 
and are found in beef kidney glomerular basement membrane glyco- 
peptides in which an asparagine-2-acetamido-2-deoxy-D-glueose 
linking moiety is also present.
A polypeptide chain may have one or more oligosaccharide 
units attached to it, although in some only a portion of an amino 
acid residue that is a potential acceptor site for a sugar actually 
becomes glycosylated.
The Biosynthesis of Glycoproteins
The formation of carbohydrate moieties of glycoprotein
occurs by enzymic transfer of single sugar residues from glycosyl 
esters of nucleotides, by specific glycosyl-transferases, to non­
reducing terminal positions of the growing prosthetic group. This 
sequence of events takes place in the Golgi apparatus, subsequent 
to the synthesis of the polypeptide chain probably in the 
endoplasmic reticulum.
Basement Membrane
Basement membranes are extracellular deposits found in 
numerous tissues of the body. The presence of basement membrane 
was recognised as early as 1848 when Todd and Bowman, in a 
discussion of the histological appearance of synovial and serous 
membranes, stated that the epithelium rested on a basement membrane 
of excessive tenuity. In a description of capillaries they reported 
that in most mucous membranes, the basement membrane is placed 
between the capillaries and the epithelium.
With the advent of the electron microscope, it became
possible to study the ultra structure of the basement membranes.
Some authors support the view that the glomerular basement membrane
o
contains a fine partially, orientated network of fibrils, 30-40 A 
in diameter associated with an amorphous matrix (Kurtz & MacManus, 
1959; Vernier, 1964; Farquhar, 1964). The .capillaries of the skin 
have been investigated by Fawcett (1963) and. Friedericci, Tucker & 
Schwartz (1966) and it was found that skin capillaries also contain
fine filaments embedded in an amorphous matrix, but at times they 
exhibit an additional feature in that they may be lamellated or 
stratified. In subsequent years, capillary basement membrane has 
been observed in a number of other tissues including retina, nerve 
tissue, muscle tissue and placenta. On the basis of the basement 
membrane-thickening seen in diabetes mellitus, it was suggested that 
this thickening was the cause of vascular disease. However, in 
recent years, objective measurements of basement membrane thickness 
in the kidney, muscle and skin have raised doubts as to the validity 
of the earlier impressions that basement membrane hypertrophy 
represents the underlying lesion in diabetic microangiopathy. 
Siperstein, Unger and Madison (1968) investigated muscle capillary 
basement membrane thickening in diabetic and pre-diabetic patients 
by electron microscopy and found that this thickening was present in 
98$ of the 51 diabetic patients studied and in only 8% of the non­
diabetic patients. Juvenile diabetics have a similar degree of 
basement membrane thickening as do the maturity onset diabetics. 
Siperstein, Unger and Madison also found that the severity of the 
basement membrane thickening was as great in those patients who were 
examined within days of the onset of overt diabetes as those who had 
had the disease for many years. This indicates that muscle basement 
membrane thickening must take place very early in the diabetic 
syndrome.
The thickening of muscle capillary basement membrane has also 
been found to be a function of age (Kilo, Vogler & Williamson, 1972). 
These investigators studied 154 controls and 151 diabetics using 
quantitative electron microscope measurement and found that 
significant thickening was observed which was linked with age in
both sexes.
The basement membrane may be classified by cell type
association. Those of the anterior lens capsule, Bowman’s capsule,
kidney tubules and respiratory epithelium are associated with the 
epithelial cells. Those of the capillaries of the skin, muscle and 
choroid plexus are associated with the endothelial cells, and those 
of the capillaries of the glomerulus and the alveolar septa are 
associated both with epithelial and endothelial cell types.
The chemistry of basement membrane. These membranes, like the 
collagens, are widely distributed in animal tissues. Basement 
membrane contains up to 10% of its weight as carbohydrate. These 
membranes, therefore, stain intensely with the Periodic Acid Schiff 
reaction and can be easily observed in the kidney glomerulus,
tubules, the lining of the capillaries of the vascular tree, the
alveoli of the lungs and the follicles of the thyroid gland (Lillie, 
1952). Basement membrane is present in several parts of the eye 
in the form of the lens capsule, Descemets and Bowman’s membranes 
of the cornea and Bruch's membrane of the retina.
There has been conjecture as to the role of the carbohydrates 
in basement membranes. It is possible that they may have a 
regulatory role on the formation of cross-links. Therefore, in a 
filter such as the basement membrane of the kidney glomerulus, the 
bulk of the carbohydrate may influence the packing of the peptide 
chains and alter the porosity (Spiro, 1969)*
Solubilisation and analysis of basement membranes. Among the 
various types of basement membranes that have been isolated, the
glomerulus has been extensively used due to its relative ease of 
separation from the kidney cortex. The methods of isolation and 
solubilisation of glomerular basement membrane may be classified 
as: the use of organic solvents, use of enzymic digestion,
reduction and alkylation, the use of affinity chromatography and 
the use of chaotropic reagents.
1. Use of organic solvents
Markowitz and Lange in 1964 reported on the use of 
trifluorotrichloroethane to extract a soluble component from 
glomerular basement membrane, isolated from pooled human kidneys, 
prepared by the method of Greenspon and Krakower (1950). When this 
extract was then subjected to trypsin digestion, the soluble protein 
thus formed had a two to threefold increase in carbohydrate.over the 
native human glomerular membrane. Further work by Lange and 
Markowitz in 1965 led to the suggestion that the trifluorotrichloro­
ethane reagent permitted the isolation of a protein fragment 
containing the carbohydrate and led to the assumption that the 
oligosaccharide chains occupy a small area of the total protein chain 
due to the cleavage by trypsin.
2. Enzymic digestion
The glomeruli are isolated from the cortex of bovine (Spiro, 
1967 a, b) and normal human (Mahieu & Winand, 1970 a, b; Mahieu 
& Winand, 1973) kidneys by passage through steel sieves followed by 
collagenase and or pronase digestion.
Isolated bovine glomeruli were digested with a mixture of 
purified collagenases and this resulted in a 90^ solubilisation 
(Spiro, 1967 b). Further digestion by pronase resulted in carbo­
hydrate moieties with only a few amino acids attached. The enzymic
digest was subjected to gel filtration and ion-exchange chroma­
tography. Characterisation of the eluted peaks distinguished two 
distinct carbohydrate units, a disaccharide containing glucose 
and galactose, and a hetero-polysaccharide consisting of galactose, 
mannose, hexosamine and sialic acid. The carbohydrate moieties 
are linked to the protein via a 5-0-p-D-galactopyranosyloxy-L-lysine 
linking moiety.
The work of Spiro was largely confirmed by Mahieu and Winand 
(1970 a, b), who were comparing the differences between normal human 
glomerular and tubular membranes. The methods of isolation and 
solubilisation are the same as published by Spiro (1967 a, b). The 
two glycoproteins isolated from both types of membranes were 
identical within the criteria used. One of the glycoproteins 
consisted of a protein-linked disaccharide identical to that found 
by Spiro and the second glycoprotein consisted of a hetero­
polysaccharide composed of glucose, galactose, fucose, mannose and 
the amino sugars, hexosamine and sialic acid. The hetero- 
polysaccharide from glomerular basement membrane had a molecular 
weight of 3*600 daltons and had twice the amount of sialic acid as 
the hetero-polysaccharide from tubular basement membrane which had 
a molecular weight of 3*4-00 daltons.
3. Reduction and alkylation
In 1966 Kefalides and Winzler isolated the glomeruli from 
normal dogs by means of a procedure involving ultrasonic 
disintegration and differential centrifugation. Solubilisation of 
the glomeruli was effected by reduction of disulphide bonds using 
mercaptoethanol in 8 M-urea, followed by S-carboxymethylation using 
iodoacetate. Chemical analyses of the basement membrane revealed
the presence of large amounts of hydroxyproline, glycine, proline 
and hydroxylysine. These authors found that, on the basis of the 
glycine concentration, the sum of the hydroxyproline and proline 
concentrations were lower than occur in connective tissue collagen. 
This led to their assumption that in addition to a collagen-like 
molecule, other protein components which are non-collagen in nature 
must be present. This has been confirmed by later work which 
identified the presence of mannose, hexosamines, neuraminic acid and 
fucose, carbohydrates which are not present in soluble collagens 
(Mahieu & Winand, 1970 b).
Hudson and Spiro (1972 a) solubilised bovine glomerular 
basement membrane using reduction in urea with mercaptoethanol, 
and S-carboxymethylation using iodoacetic acid. On the basis of 
amino terminal residues, an average molecular weight of 134,000 
daltons was calculated for the peptide chains. The solubilised 
glycoproteins of the S-carboxymethylated glomerular basement membrane 
were fractionated by gel filtration in sodium dodecyl sulphate on 
agarose columns of varying porosity and by DEAE-cellulose chroma­
tography (Hudson & Spiro, 1972 b). The fractions isolated had 
molecular weights varying from 30,000 to 700,000 daltons. Those 
which were non-collagen-like in composition had a higher number of 
hydroxylysine-linked glucosyl-galactose disaccharide units, whereas 
the fractions which were more polar had less disaccharide units and 
more heteropolysaccharide units. The latter, of course, contained 
sialic acid, hexosamine and fucose.
4. Affinity chromatography
Recently, Mahieu and Winand (1973) have used affinity 
chromatography to purify fractions of human glomerular basement
membrane. Human basement membrane was solubilised by autoclaving 
in 0.1 M-Tris(hydroxy methyl)aminomethane/acetate buffer pH 7*4- 
at 110°C for three hours, or by treatment with 8 M-urea containing 
mercaptoethanol. The best solubilisation, which amounted to 80$, 
was obtained by autoclaving. This material was subjected to 
affinity chromatography using Sepharose cyanogen-bromide coupled 
with rabbit anti-human glomerular basement membrane IgG globulin.
It was found that not less than 80$ of the solubilised basement 
membrane antigens were adsorbed on to this y-globulin. The unadsorbed 
material contained the same carbohydrate units as the whole membranes 
but were richer in the heteropolysaccharide units. Adsorbed proteins 
were eluted with 0.1 M-glycine/HCl buffer pH 2.8 and further purified 
using preparative polyacrylamide gel electrophoresis in the presence 
of sodium dodecyl sulphate. Four major fractions were obtained having 
the same carbohydrate units as the whole membranes but with more 
disaccharide units.
5. Chaotropic reagents
In 1973 Marquardt, Wilson and Dixon published a paper 
describing a method of solubilising antigenic groups from human 
glomerular basement membrane using KC1, KBr and sodium trichlor- 
acetate; 3*0 M-KC1 resulted in 8.7$ solubilisation, 3*5 M-KBr 
resulted in 25$ solubilisation and 0.4 M-sodium trichloracetate 
resulted in a 9*5$ solubilisation as expressed in terms of protein 
concentration. The solubilised proteins were characterised using 
polyacrylamide gel electrophoresis in 1$ sodium dodecyl sulphate.
The electrophoretic pattern of each of the three chaotropic 
extracts of glomerular, basement membrane had three prominent bands 
and a large number of less intense bands, but there was no absolute
similarity between the different chaotropes. However, the chaotropic 
extracts were antigenically reactive with immunoglobulin eluted from 
kidneys of patients with anti-glomerular basement membrane nephritis, 
as demonstrated by radioimmuno-assay.
The mechanism of action of chaotropic agents has been 
discussed by Hatefi and Hanstein (1969). Briefly, most membranes 
and multi-component systems are stabilised by hydrophobic interactions 
among proteins. Other stabilising forces include hydrogen bonds, 
disulphide bonds, coulombic effects and London dispersion forces.
The strength of the hydrophobic interaction is directly related to 
the ordered structure of the surrounding water and to the large entropy 
decrease involved in re-orientating apolar groups of membranes from 
a lipophilic surrounding to water. Chaotropic ions disorder water 
structure and therefore lower the thermodynamic barrier for the re­
orientation of apolar groups of membranes to the aqueous phase, weaken 
hydrophobic interactions and-lead to membrane destabilisation.
Generally ions with low charge density, that is large radius and 
single mainly negative charge, are chaotropic. x
If coulombic forces contribute significantly to the inter­
action among proteins in a membrane, than a weak chaotropic anion 
with a relatively high charge density, i.e. Cl , should be more 
effective for destabilising glomerular basement membrane than a 
strong chaotrope. If both electrostatic and hydrophobic forces 
contribute to the stabilisation of a membrane, then it might be 
expected that chaotropes with intermediate charge densities, i.e.
Br , would be more effective in destabilising the native structure 
of a membrane than either a very weak or very potent chaotrope such 
as trichloroacetate. This is the case with human glomerular
basement membrane.
It seems possible that different glycoprotein fractions are 
obtained by using either enzymes or physico/chemical techniques for 
the solubilisation of glomerular basement membrane. An explanation 
could be that areas of the peptide chains contain the disaccharide 
units, while other areas contain the heteropolysaccharide chains. 
Proteolytic digestion of the membranes could probably cleave the 
glycoproteins between these areas.
Immunology of basement membrane. It has been shown that injection of 
rabbit antibodies to rat glomerular basement membrane into normal 
rats induces glomerulonephritis (Unanue & Dixon, 1965)* Basement 
membrane has been investigated to identify the glycoprotein 
responsible for the nephrotoxic reaction (Huang & Kalant, 1968).
Collagenase digestion of rat glomerular basement membrane 
was found not to alter the nephrotoxic antigenicity. However, 
digestion with pronase resulted in the destruction of the molecular 
orientation of the antigenic site necessary to produce the nephro­
toxic antibodies (Huang & Kalant, 1968). Separation of the 
collagenase soluble components on gel chromatography resulted in 
six components, and the nephrotoxicity of the membrane components 
appeared to depend on molecular size. The proteins which were 
excluded from G-200 Sephadex were the most potent in producing 
nephrotoxic antibodies. On the basis of the chemical composition 
it was not possible to determine whether the glycoprotein 
solubilised by collagenase digestion was identical to that 
solubilised by urea, but the solubilised components were shown to
have common antigenic sites.
Following the work by Huang and Kalant, Mahieu and his 
colleagues found that anti-glomerular basement membrane antibodies 
are found in several types of glomerulonephritis (Mahieu, Dardenne 
& Bach, 1971)* These authors also demonstrated the presence of 
cellular immunity to glomerular and tubular basement membrane 
antigens in various forms of glomerulonephritis and nephropathies 
with severe arterial lesions, as tested by the leucocyte migration 
inhibition test. Inhibition of migration was produced with as little 
as 10 pg of the disaccharide glycopeptide where the glycoprotein 
containing the heteropolysaccharide had no effect on the migration 
of leucocytes from the same patients.
Rothbard and Watson (1969) compared an antibody raised to 
rat tail collagen with one raised to rat kidney and they found 
that the immunofluorescence of the kidney basement membranes 
appeared to be similar when either antibody had been injected into 
the circulation of the rat. In an attempt to identify the antigenic 
site which would cross-react with each antibody these authors 
treated kidney sections with a number of proteolytic enzymes. 
Hyaluronidase and neuraminidase had no effect on either antibody, 
whereas collagenase prevented the antibody to rat tail collagen 
from binding and pronase cleaved the molecular orientation so that 
neither antibody would bind.
Immunofluorescence of diabetic kidney basement membrane. The 
diabetic kidney has been investigated by several authors for the 
presence of antibody. The presence of IgG on basement membrane has 
been reported by Burkholder (1965); Urizar, Schwartz, Top and
Vernier (19^9); Gallo (1970). However, Davies, Woolf and Carstairs 
(1966) could not show any evidence of IgG deposition.
The deposition of IgG representing antibodies to a membrane 
bound insulin has been investigated by using Fluoroscein-isothio- 
cyanate conjugated insulin. Using fluorescent beef insulin, Bems, 
Owens, Hirata and Blumenthal (1962) found an insulin binding 
ability in almost all patients with diabetic glomerulosclerosis.
This finding was confirmed by Farrant and Shedden (1965).
Westberg and Michael (1972) examined thirty-seven samples of 
diabetic kidney tissue by immunofluorescence and showed varying degrees 
of pathology from normal to severe. A linear staining of glomerular 
basement membrane was seen in about half of the cases for IgG and IgM, 
including four tissues with normal or only slightly abnormal 
histology. The immunoglobulin was eluted from isolated glomeruli 
and was found not to react with normal kidney. Moreover, the sera 
from anephric diabetic patients did not react with normal kidney 
by indirect immunofluorescence. Westberg and Michael concluded 
that the immunoglobulin present on the basement membrane was not 
due to an auto-immune process.
Changes of Glomerular Basement Membrane with Diabetes Mellitus
Early studies on the chemical composition of diabetic glomeruli 
were carried out by Odin and TBrnblom (1959) who found that glomeruli 
with Kimmelstiel Wilson lesions and normal glomeruli contained 80$ 
of the dry weight as protein and 10$ as lipid and hydroxyproline. No 
figure was given for the carbohydrate content.
In 1969 Kawarnura, Kawanishi and Nagano isolated the glomeruli .
from three cases of diabetes and five cases with no histological 
evidence of diabetic changes. When the pronase soluble components 
were separated by gel chromatography, it was found that the hexose and 
amino acid peaks were similar and that the diabetic glomeruli 
contained increased amounts of hexose.
Following on the work of Kawamura and his associates,
Srinivasan, Berenson and Radhakrishnamurthy (1970) suggested that the 
microangiopathy which contributed greatly to the disability of patients 
with longstanding diabetes mellitus is attributed to the alterations 
of the glycoproteins in small blood vessels. Diabetic and non-diabetic 
kidneys were arranged into groups based on the concentration of acid 
mucopolysaccharide and this, in fact, corresponded with the 
histological changes in the kidney. The groups of severe diabetics 
were shown to have a marked increase of neutral sugars, suggesting 
an increase in the glucosyl-galactose containing glycoprotein. 
Similarly, shifts to electrophoretically faster moving glycoproteins 
and a more intense Periodic Acid Schiff staining was also observed . 
in severe diabetic changes.
Further studies on diabetic basement membrane (Beisswenger 
and Spiro, 1970; Beisswenger and Spiro, 1972) have shown increased 
amounts of basement membrane material as compared' with normals. In 
addition, these diabetic membranes show a significant decrease in 
lysine accompanied by a significant increase in hydroxylysine. Other 
significant changes were observed in hydroxyproline, glycine, valine 
and tyrosine. These results suggested an overproduction in the 
diabetic of those sub-units of the basement membrane that are rich 
in hydroxylysine and its glycosidically linked.disaccharide unit.
There was no increase in the heteropolysaccharide unit. These
findings would indicate that increased hydroxylation of lysine 
residues of the glomerular basement membrane takes place in the 
diabetic state, with glycosylation of the newly formed attachment 
sites. Although increased hydroxylation of lysine residues may take 
place on a normal complement of sub-units, it is probable that there 
is a preferential production of sub-units that are rich in hydroxy­
lysine in the diabetic. Enhanced production of these carbohydrate- 
rich sub-units could account for the increased permeability of the 
membrane observed in this disease due to interference of the peptide 
packing arrangement (Spiro, 1975)*
Because of the slow turnover of the basement membrane, it is 
conceivable that the membrane isolated from diabetic patients 
includes material which was synthesised before and after the onset 
of the metabolic disturbances and therefore will not give a complete 
picture of the degree of alteration which occurs in the membrane of 
the diabetic state.
Auto-immune Disease in Diabetes Mellitus
The possibility that diabetes mellitus is a result of an 
auto-immune process leading to destruction of islet cells has been 
investigated by several groups of workers (Pav, Jezkova & Skhra,
1965; Chi tty & Watson, 1965). Such suggestions followed observations 
that antibodies to insulin may be produced in animals. Cattle have 
been used for these experiments in which a true diabetic state 
unfortunately had not been induced. Furthermore, it has been found 
that in rabbits as well as cattle, a lymphocyte infiltration of the
islet cells was noticed which was similar to some cases of juvenile 
diabetes examined at post-mortem (Le Compte, 1950; Nagler & Taylor, 
1965).
The presence in diabetic subjects of a cell-mediated response 
to porcine pancreas was investigated by Nerup, Anderson, Bendixen, 
Egeberg & Poulsen (1971)* They prepared antigens from porcine 
pancreas that had been subjected to atrophy of the exocrine tissue 
by ligation of the pancreatic duct. The diabetic leucocytes showed 
an in vitro response by subcellular organelles.
Rat liver mitochondria have been used as an antigen to provoke 
a response from diabetic leucocytes (Richens, Ancill, Gough & Hartog, 
1975) with the result that 72$ of insulin dependent diabetics, 46$ 
of non-insulin dependent diabetics compared with 11$ in the control 
group showed a response.
The evidence accumulated with regard to diabetes mellitus 
being associated with an auto-immune process may be summarised as 
follows. Auto-immune endocrine diseases, for example hypothyroidism, 
Addison's disease and hyperthyroidism are common in diabetics. 
Pernicious anaemia is also associated with diabetes. Fifty per cent 
of patients with juvenile cirrhosis have diabetes. Pancreas from 
juvenile diabetics have an infiltration by lymphocytes.
In view of the immunological mechanisms implicated by previous 
work carried out on diabetic patients, the study of chemical and 
immunological changes in diabetic glomerular basement membrane was 
undertaken in relation to the normal aging process.
This study was effected as follows:- 
(a) Isolation and solubilisation of antigens from normal and
diabetic glomerular basement membrane and their 
characterisation by polyacrylamide gel electrophoresis and 
immunoelectrophoresis.
Hydrolysis and identification of the carbohydrates and amino 
acids present in glomeruli from diabetic subjects above the 
age of sixty years, normal subjects below the age of thirty 
years and normal subjects above the age of sixty years. 
Identification of the presence in diabetic sera of antibodies 
to basement membrane.
Identification in diabetic patients of a delayed type 
hypersensitivity reaction as tested in vitro by the leucocyte 
migration inhibition test, using glomerular basement membrane 
antigens.
Identification of the presence of an antibody complex bound 
on diabetic glomeruli.
CHAPTER II
THE CARBOHYDRATE AND AMINO ACID CONTENTS OF 
NORMAL AND DIABETIC GLOMERULAR BASEMENT MEMBRANE
INTRODUCTION
Approximately five per cent of the weight of normal and 
diabetic basement membrane was found to be made up of sugar residues 
(Chapter III). The comparable analyses of sugars and amino acids 
from basement membrane of diabetic or age and sex linked normal 
subjects can lead to a clearer understanding of the disease.
Carbohydrates have been analysed by gas-liquid chromato­
graphic methods as a result of the extremely good separation 
obtained for trimethylsilyl ethers of free sugars (Oates & Schrager,
1967) and of methyl glycosides (Bhatti, Chambers & Clamp, 1970) 
and, more recently, for alditol acetates (Griggs, Post, White, 
Finkelstein, Moeckel, Holden, Zarembo & Weisbach, 1971) formed 
after reduction of the liberated monosaccharides by sodium boro- 
hydride. The inherent disadvantages of these gas-liquid chromato­
graphic methods are the appearance of several anomeric peaks for any 
one monosaccharide and/or the need to convert the sugars into 
volatile derivatives.
These disadvantages are avoided in the methods based on ion- 
exchange chromatography, by mixtures of monosaccharides being 
analysed directly without derivatization. Two basic techniques have 
been devised. Samuelson and Stromberg (1966) have been developing 
a system which depends on the differential partitioning of the sugars 
between the resin and an ethanol-water eluant. The other, an ion- 
exchange technique, based on the original experiments of Zill, Khym 
& Cheniae (1955)* involves the chromatography of sugar-borate 
complexes on basic ion-exchange resins in the borate form.
The sugar-borate complex
The borate-saccharide complexes have not been fully 
characterised, but information concerning the nature of these 
compounds has been obtained from the measurements of changes in 
optical rotation, conductivity, acidity, freezing point and 
solubility (Isbell, Brewster, Holt & Frush, 1948).
The structures from this data are given in formulae I, II
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and there is evidence to demonstrate that many saccharides can form 
complexes with each type of structure (Khym, Zill & Cohn, 1957)*
When all three types exist simultaneously, the equilibrium depends 
on pH, ratio of borate to saccharide and the absolute concentration 
of the sugar (Isbell et al, 1948). According to Isbell and his co­
workers, structures of type II should predominate in solutions where 
the ratio of borate to carbohydrate is high, and the absolute 
concentration of the latter is low.
These are the conditions used in the ion-exchange separation 
of saccharides.
The degree to which a given sugar will complex with a given 
concentration of borate ion is dependent on the structure and 
configuration of the sugar. A furanoid will exhibit a greater degree
of complexing than the pyranoids by borate ions, since they give 
structures in which adjacent cis hydroxyls are at a distance nearer 
to the optimum for complexing. Separation of sugars by ion-exchange 
chromatography is almost exclusively determined by the degree of borate 
complexing, therefore the position of the peaks in an elution sequence 
is proportional to their distribution coefficients of the sugar- 
borate complex.
However, hexosamines can be measured by determination of the 
amino group using amino acid chromatography or by the Elson Morgan 
reaction.
The method for determination of hexosamines, used in the present 
study, is a modification of the Elson Morgan reaction. Miiller (1901) 
found that pentacetyl glucosamine after warming in alkaline solution 
gave a red product with Ehrlich’s reagent (p-dimethylaminobenzaldehyde 
in acid solution). In 1922 Pauly and Ludwig found that an alkaline 
solution of acetyl acetone reacted with glucosamine with the formation 
of a chromagen, which gave a red-coloured condensation product with 
Ehrlich’s reagent. The final practical application of this principle 
for the quantitative determination of glucosamine and galactosamine 
was described by Elson and Morgan (1933)*
The conflicting reports on the chemical composition of normal 
and diabetic glomerular basement membrane (Lazarow & Speidel, 1964; 
Beisswenger & Spiro, 1970; Westberg & Michael, 1973) has led to the 
present investigation into the chemical composition of young and old, 
normal and diabetic, human glomerular basement membrane.
MATERIALS
Chemicals
Deoxyribonucleic acid sodium salt (highly polymerised) from 
calf thymus (B.D.H. Ltd.); 4 - Nitrophenylhydrazine (AnalaR) (B.D.H. 
Ltd.); acetylacetone (B.D.H. Ltd.); p-dimethylaminobenzaldehyde 
(B.D.H. Ltd.); N,N-dioctylmethylamine (Koch-Light Ltd.); potassium 
tetraborate; boric acid; cysteine (B.D.H. Ltd.).
Reagents
10 ml 0.5$ 4-nitrophenylhydrazine in ethyl alcohol; 0.75 ml 
acetylacetone in 25 ml 1.25 M-Na^CO^; 1.6 gm p-dimethylamino- 
benzaldehyde + 50 ml conc. HC1 (Ehrlich’s reagent) + 50 ml 95$ 
ethanol; N,N-dioctylmethylamine (20$ v/v in chloroform); 10$ 
potassium tetraborate; 0.1 M-boric acid, pH 7*0; 0.4 M-boric acid,
pH 7*0; 0.4 M-boric acid/0.2 M-NaCl, pH 7*0. All boric acid buffers
were titrated to pH 7*00 with 2 M-sodium hydroxide; 0.07$ cysteine 
hydrochloride in 86$ H^SO^; 0.2 M-sodium citrate/HCl, pH 2.2; 0.2 M-
sodium citrate/HCl, pH 5*25; 0.2 M-sodium citrate/HCl, pH 4.25;
0.2 M-sodium citrate/HCl, pH 5*25; 20 gm ninhydrin per litre methyl
cellusolve/sodium acetate, pH 5*5
Apparatus
Endecott’s test sieves, pore sizes 250, 150 and 65 p. 
Carbohydrates were analysed on an Autoanalyser (Technicon Instruments
Co. Ltd.) and amino acids were analysed on a Beckman model 120 C 
amino acid analyser.
METHODS
Isolation of Glomeruli from Normal and Diabetic Kidneys
Kidneys that had been stored at -20°C were removed and allowed 
to thaw at room temperature. The capsule and any fat was cut off the 
kidney and discarded. The kidneys were then cut into 5 mm transverse 
slices. Using a pair of pointed scissors, the cortex was carefully 
cut off, making sure not to include medulla. Portions of the cortex 
approximately 100 ml in volume were cut into small pieces using 
scissors, then placed in the centre of a stainless steel sieve (pore 
size 150 p) which was resting in a porcelain Buchner flask supported 
in a 5 litre Erlenmeyer flask. The cortex of the kidney was gently 
forced through the sieve and the tissue remaining on the surface of 
the sieve was washed frequently with cold 0.85$ NaCl. The procedure 
was repeated until the remaining tissue became light pink in colour, 
when it was discarded. The material which had been forced through the 
150 p sieve was then poured through a sieve with a 250 p pore size to 
remove large particles of tissue which had passed through the previous 
sieve. The eluate was then passed through a sieve with a 65 p pore 
size to isolate glomeruli. The maximum volume used at one time was 
one litre since the pores easily became clogged with glomeruli, so 
preventing the red cells from passing through. Glomeruli were removed 
from the sieve by a forced stream of 0.85$ NaCl using a luer lock,
50 ml syringe with a large bore needle. The isolated glomeruli were 
checked for purity microscopically and preparations essentially free 
from tubular fragments were retained (Fig. l/2). The glomeruli were 
washed five times with 100 ml volumes of 0.85$ NaCl, isolating the
Fig. 1/2. Glomeruli isolated by means of steel sieves, 
stained with light malachite green. Note 
presence of Bowman’s capsule around 
glomerulus to left of centre of picture. 
Magnification x 126
glomeruli between each wash by centrifuging at 2500 x g for 50 
minutes. The glomeruli were then washed five times with 100 ml 
volumes of distilled water, isolation being effected by centrifuga­
tion. At the completion of the washing, the centrifuged glomeruli 
were freeze dried and stored at -20°C until used.
Petermination of Deoxyribonucleic Acid in Glomeruli
Preparation of samples prior to determination (Webb & Levy, 1955). 
Freeze dried glomeruli (2 mg) suspended in 2 ml of 5$ trichloracetic 
acid were heated for 50 minutes in a water bath at 90°C. A glass 
stopper was lightly inserted into the tube to minimise loss by 
evaporation. After hydrolysis and cooling in ice, any loss of water 
due to evaporation was replaced.
Preparation of standard. A stock solution of deoxyribonucleic acid 
was prepared by adding 25 mg of deoxyribonucleic acid and 20 ml of 5$ 
trichloracetic acid into a 25 ml volumetric flask, which was lightly 
stoppered, and this solution was heated for 50 minutes in a 90°C 
water bath. After hydrolysis and cooling, the volume was brought to 
25 ml with 5$ trichloracetic acid. Working standards were achieved 
by dilution of the stock standard to give 100, 80, 60, 40, 20, 10,
0 jug deoxyribonucleic acid/ml.
Colour development. To 1 ml test/standard, 1 ml 5$ trichloracetic
acid was added. A blank consisting of 2 ml 5$ trichloracetic acid
was also included in the determination. 0.1 ml 4-nitrophenylhydrazine
o
was added to all tubes, mixed and heated in 90 C water bath for 20 
minutes. The tubes were cooled in ice, 5 ml n-butyl acetate was added 
and shaken vigorously for five minutes. The two layers were separated
by centrifugation and the organic layer discarded. 1.5 ml of the 
aqueous layer was added to 1 ml 1 M-NaOH, mixed and read in a 
spectrophotometer at 560 nm.
The recovery of the method was investigated and was found 
to be 96$ t 2$.
Determination of Glomerular Hexosamine (Garde11, 1958)
To 2 mg glomeruli, 2 ml of 5 M-HC1 were added and hydrolysed 
at 100°C for 6 hours 20 minutes. After hydrolysis the HC1 was 
removed by placing in a dessicator, containing NaOH, overnight.
1 ml of water was added to the hydrolysate and mixed. To 1 ml 
standard/blank/hydrolysate 1 ml acetyl acetone reagent was added, 
mixed and placed in a 96°C water bath for 50 minutes. The samples 
were cooled and 10 ml 95$ ethanol was added, mixed, followed by 
1 ml Ehrlich's reagent. The tubes were mixed again and read after 
one hour at 530 nm. Standard used was glucosamine hydrochloride 
equivalent to 10-80 jug/ml as glucosamine. The standards obeyed 
Beer’s Law and the precision of the method was better than + 4$.
The recovery of the method was found to be 98$ t 4$.
Determination of the Total Glomerular Carbohydrate Content 
Chromatographic system (Hough, Jones & Wusteman, 1972). The system 
consisted of a jacketed borosilicate glass column (6 x 750 mm) 
containing a Type-S Chromobeads anion-exchanger resin, supplied by 
Technicon Instruments Co. Ltd., packed so as to give a resin bed 
height of 560 mm.
Prior to use the column was equilibrated with the starting
buffer (0.1 M-boric acid, pH 7*00) at 75°C for 1 hour at a flow
rate of 108 ml per hour.
After each chromatographic run, the resin was regenerated to 
the borate run by pumping 10$ potassium tetraborate, which was stored 
in polythene containers to preclude contamination of the resin bed 
by silicate ions (Ohms, Zee, Benson & Patterson, 1967)* at a flow 
rate of 108 ml per hour with the column heating off. Regeneration 
was complete when all the chloride ions had been eluted off the 
column. This was monitored by checking the effluent for the presence
determined by the colour product formed with the cysteine-sulphuric 
acid reagent.
Preparation of samples for carbohydrate chromatography. Glomeruli 
(4 mg) were weighed and quantitatively transferred to a pyrex test 
tube. 1 ml of 0.5 M-H^SO^ was added, mixed and the oxygen present 
replaced by nitrogen by repeated vacuum displacement, since the 
presence of oxygen could result in oxidation of the carbohydrate during 
hydrolysis. The glass tube was initially capped to prevent nitrogen 
loss then the tube was sealed using an oxygen/coal gas burner. 
Hydrolysis was carried out for 18 hours at 100°C. At completion, 
the hydrolysis tubes were allowed to cool and opened. To the hydro­
lysate 0.5 jumol of trahalose was added as an internal standard. The 
hydrolysate was transferred to a glass stoppered tube and 5 ml 
N,N-dioctylmethylamine in chloroform was added, shaken vigorously 
and clarified by centrifugation. This amount of dioctylmethylamine 
was sufficient to neutralise 4 millequivalents of sulphuric acid.
The chloroform layer was drawn off by a pipette and residual quantities 
of the N,N-dioctylmethylamine in the aqueous layer were extracted with
solution. The eluted sugars were
5 ml chloroform. A few drops of 0.4 M-boric acid (pH 7*0) were 
added to the neutralised hydrolysate prior to analysis. The column 
temperature was adjusted to 75°C and when the temperature was reached 
the sample was loaded onto the column and forced into the resin bed 
using oxygen free nitrogen. The top of the resin bed was washed with 
2 x 1 ml volumes of starting buffer (0.1 M-boric acid, pH 7*0). The 
starting buffer was loaded onto the column, taking care to exclude 
all air, and the column connected to the gradient device. The flow 
rate was adjusted to 1.25 ml per minute and the column effluent 
connected to the cysteine/sulphuric acid stream of the Autoanalyser. 
Calculation of content (pmol) of carbohydrate. With each batch of 
analyses a standard run containing known amounts of mono and di­
saccharides were processed. The area of each peak of the standard 
was calculated using the formula:
. net peak height x width in mm at half net peak height = area of peak 
in standard run.
The area for each sugar in the sample run was also calculated:
area of glucose in sample concentration of glucose in ' _
area of glucose in standard standard run in pmol “
concentration of glucose (pmol) in the sample
The colour produced by each sugar may vary between each run. So as
to compare results from different runs a factor based on the internal
standard was used, i.e. the area of 0.5 pmol of trahalose in one run
over the area of 0.5 pmol of trahalose in another. The modified
formula is as follows:
area of glucose in sample concentration of glucose
area of glucose in standard in standard run (pmol)
area of trahalose in standard run n „------— t— :— =----:------ :-------  = umol of glucose eluted from the column.area of trahalose m  sample run r
Determination of the Glomerular Amino Acid Content
Chromatographic system. The amino acids were separated on two columns. 
Lysine, arginine, histidine, hydroxylysine were separated on a column 
packed with Beckman resin (spherical beads Code No. PA 55) to a bed 
height of 140 mm x 9 mm. Aspartate, threonine, serine, glutamate, 
proline, glycine, alanine, ^ cystine, valine, methionine, isoleucine, 
leucine, tyrosine and phenylalanine were separated on a column packed 
as above to a bed height of 540 mm x 9 mm with Beckman resin, spherical 
beads Code No. PA 28.
The eluted amino acids were determined by the colour product 
formed with the ninhydrin reagent.
Preparation of samples for amino acid analysis. Prom 1-1.5 mg of 
glomeruli were weighed into pyrex glass tubes. 1 ml of 6 M-HC1 was 
added, mixed and the oxygen present replaced by nitrogen using repeated 
vacuum displacement. The glass tubes were sealed using an oxygen/coal 
gas burner. Hydrolysis was carried out at 110°C for 22 hours exactly.
At the completion of the hydrolysis the tubes were allowed to cool, 
and the sealed tube opened. The hydrochloric acid present was removed 
by rotary evaporation. To ensure that all the acid had been removed 
1 ml of distilled water was added to the dried sample and rotary 
evaporation repeated.
To the dried hydrolysate, 1.1 ml of 0.2 M-citrate buffer pH 2.2 
was added and mixed. The sample was divided into two. 0.5 ml was 
placed on the 140 mm x 9 mm column and washed in with 3 x 0.2 ml of
0.2 M-citrate buffer, pH 5.25* Elution was carried out with the pH 5*25
buffer for 140 minutes at a temperature of 50°C. The second 0.5 ml 
was placed on the 540 mm x 9 mm column, washed in with 5 x 0.2 ml of
0.2 M-citrate buffer, pH 5»25» The pH 5«25 buffer was run onto the
column for a total time of 80 minutes when it was changed to a 
0.2 M-citrate buffer pH 4.25 and this was run onto the column for 
100 minutes. The total running time was 180 minutes at a 
temperature of 50°C.
Calculation of residues/1000 residues of amino acids. The net peak 
height is calculated from optical density peak height - optical 
density baseline
pmol amino acid _ net peak height x width of half peak height (mm) 
applied to column ~~ constant
constant = peak area of known pmol amino acid
same known jumol amino acid
(umol amino acid eluted from column______________
jumol amino acid/ = mg glomeruli used in hydrolysis x volume applied x 
mg membrane volume hydrolysate made up in ml to column (ml)
mol amino acid/ _ pmol amino acid/mg membrane_________ x 1000
1000 mol amino acid - sum of amino acid (jumol )/mg membrane
RESULTS
Contamination of Glomerular Preparation by Deoxyribonucleic Acid
The contamination of glomerular preparation by deoxyribo­
nucleic acid has been investigated in the present study. Webb and 
Levy (1955) investigated the rate of release of deoxyribose from 
deoxyribonucleic acid by acid hydrolysis of rat kidney tissue and 
found that optimum hydrolysis took place at 90°C for 50 minutes.
No further increase in deoxyribose was found when the time was 
increased to 45 minutes.
In the present study, human glomeruli were hydrolysed at 
90°C for 50 minutes and the colour produced was equivalent to 4.6 jug 
deoxyribonucleic acid. When the hydrolysis time was increased to 
45 minutes, the colour produced was equivalent to 5*1 pg deoxyribo­
nucleic acid. If, however, the hydrolysis time was increased to 7 
hours, then the deoxyribose released went up by a factor of 8 at 
5.5 hours. (Pig. 2/2). For all deoxyribonucleic acid determinations 
on human glomeruli, a hydrolysis time of 5*5 hours was adopted.
The results of the contamination of isolated normal and 
diabetic glomeruli by deoxyribonucleic acid was fairly constant.
The contamination of diabetic glomeruli was 46 t 14 pg/mg membrane 
(mean i standard error of the mean), of young normal glomeruli was 
44 jr 4 pg/mg membrane and old normal glomeruli was 4l - 11 pg/mg 
membrane.
Rate of Release of Hexosamine from Diabetic Glomeruli
Hexosamines usually occur in glycosidic linkages to other
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FIG. 2/2 Hydrolysis curve for the rate of release of deoxyribose 
from normal glomeruli using 5$ trichloracetic acid at 
90 C based on the method as published by Webb and Levy, 
(1955).
A - time that these authors recommend for the 
hydrolysis of rat kidney.
B - level at which Webb and Levy state no further 
colour increase was observed.
monosaccharides. The first step in the determination of the amino 
sugars is, therefore, their liberation from the other monosaccharides. 
In general, the amino sugar glycosides are very resistant to acid 
hydrolysis. This is due to the presence of an amino group in position 
2 which, if substituted, facilitates hydrolysis of the glycosides.
A hydrolysis curve was prepared with diabetic glomeruli and 
the release of amino sugar against time noted. Diabetic glomeruli 
(26 mg) were weighed and transferred to a glass stoppered tube, 14 ml 
5 M-HC1 was added, mixed and the tube placed in a boiling water bath. 
At hourly intervals, the tube was centrifuged and 2 x 1 ml aliquots 
were taken out and frozen at -20°C until completion of the experiment. 
The amino sugar released was determined in duplicate and the results 
plotted (Fig. 5/2). The maximal release of amino sugar took place 
after 6 hours 20 minutes hydrolysis. A further experiment using 
normal glomeruli was carried out using greater time intervals and the 
results obtained were similar. This hydrolysis time was used for the 
glomerular hexosamine content of diabetic and normal subjects.
Hexosamine Content in Normal and Diabetic Glomeruli
The total glomerular hexosamine content was determined on 
diabetic and normal subjects. The determinations were carried out in 
duplicate and the results shown in Table l/2.
From the data shown (Fig. 4/2) it would appear that the 
glomerular hexosamine content of kidneys obtained from normal persons 
below the age of thirty years is significantly decreased. The 
glomerular hexosamine content from diabetics, whose ages were also 
above sixty years, and normal persons above the age of sixty years, 
are no different.
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FIG. ^ 2  Hydrolysis curve for the rate of release of hexosamine 
from normal glomeruli, using 3 M-HC1 at 100 C.
Glomeruli Hexosamine
(pg)
Hexosamine 
(pg/mg glomeruli)
Mean ± S.E.M.
Diabetic aged above 60 years
Coppard 22.6 11.4
Wakefield 24.3 10.9
12.5 - 0.8
Edgington 38.6 13.3
Clements 29.0 14.5
Normal aged above 60 years
Cope 22.5 12.2
Bluett 31.0 11.1
King 29.5 13.8
12.8 ± 0.5
Hughes 21.2 13.4
Gamble 24.5 14.2
Buckley 32.5 12.1
Normal aged below 30 years
Tuckell 23.5 11.9
Male age 20 30.5 11.6
10.6 ± 1.0
Child age 3 22.0 7.6
Clark 29.0 11.6
TABLE l/2. Results of total hexosamine content of diabetic 
and normal subjects. Normal persons have been 
grouped according to their age, either above 
60 years or below 30 years.
S.E.M. - Standard error of the mean
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FIG. 4 /2  Glomerular hexosamine content of normal and diabetic.subjects 
Results are expressed as the mean of duplicate determinations
Total Glomerular Carbohydrate Content
Normal and diabetic glomeruli were subjected to hydrolysis 
under nitrogen for 18 hours. A preliminary study was carried out on 
the release of carbohydrate from diabetic and normal glomeruli and it 
was found, when using 0.5 M-H^SO^ and a temperature of 100°C, maximal 
release of glucose and galactose took place at l8 hours. The maximal 
release of these two sugars'was similar whether normal or diabetic 
glomeruli were used.
When carrying out acid hydrolysis for the release of carbo­
hydrates from proteins, the rate of release and breakdown can be 
different for each sugar residue present. During the present 
investigation, the rate of release of glucose and galactose was 
determined and the time taken for maximum release was used for all 
other hydrolyses.
The results (Table 2/2) show a decrease in the mannose content 
of normal glomeruli from subjects aged below years as compared to 
diabetic and old normal subjects. The fucose level is very low and 
does not differ between the diabetic and old normal groups. The level 
of fucose in the young normal group was too low to be measured. The 
galactose level is significantly higher in the diabetic and old normal 
groups than the young normal group. However, there is no significant 
difference in the glucose level between all three groups of glomeruli.
Amino Acid Content
The amino acid content of glomeruli obtained from four 
diabetic kidneys aged above 60 years, four normal kidneys aged below 
50 years and six normal kidneys from subjects aged above 60 years
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was analysed after hydrolysis in 6 M-HC1 for a period of 22 hours.
A summary of the results is presented in Table ~$/2 of the diabetic* 
normal aged above 60 and normal aged below 30 groups.
All the hydrolyses were carried out in a nitrogen atmosphere 
however* some oxidation took place in three of the analyses (King* 
Hughes and Clements) resulting in the presence of cysteic acid and 
methionine sulphoxide (King).
The absence of tryptophan is because this amino acid was not 
determined.
Amino acid Mol amino acid/1000 mol amino 
(Mean t S.E.M.)
acids
Normal below 
50 years
Normal above 
60 years
Diabetic
Lysine
00-3- + 5 40 + 2
+ 
1
K\ 2
Histidine 21 + 1 18 + 1 15 ± 1
Arginine 47 + 6 52 + 1 45 t 5
Hydroxypr01ine 12 + 2 14 + 1 18 + 2
Aspartic acid 85 + 2 84 + 2
+ 
1
00 10
Threonine 47 + 1 45 + 1 42 ± 1
Serine 57 + 1 54 + 1 52 i 1
Glutamic acid 112 + 6 104 + 2 io4 + ■ 5
Proline 56 + 5 69 + 2 68 + 5
Glycine 158 + 8 191 + 9 200 ± 11
Alanine 74 + 2 72 + 1 69 t 2
\ Cystine 19 + 1 17 + 1
+
1001—1 1
Valine 52 + 2 48 + 1
+100■=t 2
Methionine 16 + 2 15 + 1 12 t 2
Isoleucine 42. + 2 57 + 1
+ 
1
00 1
Leucine 86 + 2 78 + 2 75 t 2
Tyrosine 24 + 1 22 + 1
+ 
1
K\OJ 1
Phenylalanine 54 + 1 54 + 1
+ 
1
f
t 2
Hydroxylys ine 15 + 2 18 + 2 20 ± 2
TABLE 5/2. Summary of amino acid content of normal and 
diabetic glomerular basement membrane. 
Complete data is given in the Appendix.
S.E.M. - Standard error of the mean
DISCUSSION
The chemistry of the glomerular basement membrane of human 
normal and diabetic origin has been studied extensively by many 
workers resulting in the existence of a great deal of contradiction.
In a wide study of normal and diabetic human kidneys*
Lazarow and Speidel (1964) found no difference in the overall chemical 
composition except for a slight increase in the ratio of hydroxyproline/ 
nitrogen in the diabetic glomerular basement membrane. These authors 
used alkali in the preparation of the glomerular basement membrane 
in their study and this has been suggested as being responsible for 
the possible difference in the glycoprotein composition (Westberg & 
Michael, 1975)*
A significant increase in the hydroxylysine content of diabetic 
glomerular basement membrane with the concomitant decrease in the 
lysine concentration was found by Beisswenger and Spiro (1970).
The sum of the concentration of hydroxylysine and lysine was the same 
in the diabetic and normal glomerular basement membrane. This result 
associated with an increase in the glucosyl-galactose units suggested 
an increase hydroxylation of lysine with an increase in glucosyl- 
galactose linked hydroxylysine units in diabetic glomerular basement 
membrane.
The results of Westberg and Michael (1975) hid not confirm 
the findings of Beisswenger and Spiro and found no significant increase 
in the hydroxylysine residues. These authors, however, did find a 
decrease in the one half cystine content in the glomerular basement 
membrane of early and advanced diabetics when compared with normals. 
Westberg and Michael suggested that the lower concentration of cystine
would result in a lower number of disulphide bonds and could cause 
increased glomerular permeability.
Recently Beisswenger (1975) investigated the specificity 
of the chemical alteration of diabetic glomerular basement membrane 
by the chemical comparison to glomeruli obtained from the kidneys of 
patients with various non-diabetic renal diseases. Included amongst 
these were accelerated and malignant hypertension; systemic lupus 
erythematosus with lupus nephritis; systemic sclerosis; chronic 
proliferative glomerulonephritis and advanced nephrosclerosis. The 
chemical composition of the glomerular basement membrane from these 
groups closely resembled age and sex matched controls. The increase 
in the glucosyl-galactosyl hydroxylysine in diabetic glomerular 
basement membrane was not observed in the non-diabetic cases. On 
this basis Beisswenger suggested that the chemical change in the 
diabetic glomerular basement membrane is specific for the renal 
disease associated with longstanding diabetes mellitus.
Of the data presented here the hexosamine content of diabetic 
and normal glomeruli (Fig. 4/2) is lower in the normal group aged 
below 30 years than that of the diabetic group aged above 60 years. 
The matched normal controls with the diabetic group also show a 
higher hexosamine content than the young normals. This would suggest 
that the increase in hexosamine level in diabetic glomeruli is a 
change as a result of age.
The carbohydrate analyses (Table 2/2) show a decrease in the 
mannose content of young normal glomeruli when compared with the 
diabetic and old normal age groups. Beisswenger and Spiro (1970,
1975) found, no difference in the mannose content of diabetic or 
normal glomerular basement membrane. The galactose content of young 
normal glomeruli is significantly decreased as compared with the 
diabetic and old normal glomeruli (Table 2/2), also the molar ratio 
of galactose to glucose in the diabetic group (0.64) is similar to 
the old normal group (0.58) but lower in the young normal group (0.29). 
These results demonstrate that there is an apparently greater increase 
in galactose residues in diabetic and old normal glomeruli than in 
young normal glomeruli. The molar ratio of galactose residues to 
hydroxylysine residues is constant in each group, which indicates that 
the increased galactose residues in the diabetic and old normal groups 
are linked to an equivalent molar increase in hydroxylysine. This 
results in an increase in the hydroxylysine-galactose unit in the 
diabetic and old normal subject.
Amino acid results (Table 5/2) show a decrease in proline, 
glycine and hydroxylysine in normal glomeruli; below 50 years of age 
when compared to diabetic and old normal glomeruli. There is also an 
increase in lysine and histidine in young glomeruli when compared to 
the diabetic and old normal glomeruli. Other than the differences 
shown, the amino acid results of diabetic and old normal.glomeruli are 
very similar. Beisswenger (1970) demonstrated that the ratio of lysine 
to hydroxylysine in diabetic glomerular basement membrane was 0.69 and 
normal glomerular basement membrane 1.06. If the lysine/hydroxylysine 
ratio is calculated on the results presented here, diabetic glomerular 
basement membrane gives a ratio of 1.85; normal glomerular basement 
membrane obtained from kidneys above the age of 60 years gives a ratio 
of 2.2 and normal glomerular basement membrane obtained from kidneys 
below the age of 50 years gives a ratio of 5*2. These findings differ
from those of Westberg and Michael (1975) where the lysine/hydroxy­
lysine ratio of normals was found to be 0.8, early diabetics 0.9 
and advanced diabetics 0.8l. However, the results presented here 
underline the similarity of the lysine/hydroxylysine ratios between 
the diabetic and old normal group.
In conclusion, it would appear that diabetic and old normal 
glomeruli have an increased hydroxylation of lysine, and increased 
glycine content as compared with young normals. It is of interest 
that the carbohydrate linking amino acids, threonine and serine, are 
not increased in the diabetic and old normal groups and that the 
increased galactose residues in these two groups, compared with young 
normals, agree with the increased hydroxylysine. It has been well 
established that during the addition of carbohydrate units to a 
polypeptide chain the action of a galactosyl transferase is such that 
it will link galactose residues to an available receptor amino acid, 
that is hydroxylysine. The increase in galactose residues in diabetic 
and old normal glomeruli may not be due to a resultant increase in 
galactosyl transferase activity by itself but due to an increase in 
hydroxylase activity. Diabetes could therefore be a result, or one 
of the causes, of an acceleration of those chemical processes 
associated with aging. These processes include free radical 
production and hydroxylation through superoxide formation. This 
may result in deficiencies in reduced glutathione, lack of reduced 
nicotinamide adenine dinucleotide and impairment of the Direct 
Oxidative Pathway.
CHAPTER III
SIALIC ACID CONTENT IN NORMAL 
AND DIABETIC GLOMERULI
INTRODUCTION
Early work has shown that chicken red blood cells can be 
agglutinated by influenza virus. Heat treatment of the virus at 55°C. 
for thirty minutes causes a loss of the infective properties of the 
virus but the agglutination properties remain (Hirst, 1941; McClelland 
& Hare, 1941; Hirst, 1942 a, b; Briody, 1948).
Burnet and his colleagues (1951) found that mucoproteins extracted 
from blood group substances inhibited the haemagglutination of the 
heated influenza virus. They also found that the haemagglutination 
inhibitory property was lost when the mucoproteins were treated with 
a purified enzyme from vibrio cholerae later called neuraminidase, or 
with living influenza virus. Further work disclosed that all the 
virus haemagglutination inhibitors were glycoproteins containing sialic 
acid, which is the constituent split off from them by neuraminidase 
and virus particles.
Sialic acid was first discovered in bovine submaxillary gland 
mucoprotein by Blix (1956). Little notice was taken of its existence 
and it was named sialic acid much later (Blix, Svennerholm & Werner, 
1952). Sialic acid is now the generic name for the various types of 
acylated neuraminic acids.
The position of sialic acid in the glycoprotein molecule is fairly 
constant. Evidence has shown that when sialic acid is attached to the 
oligosaccharide chain, the chain terminates. In the case of oCtacid 
glycoprotein, the sialic acid residue is in the terminal position 
substituted in a 2:6 - ketosidic linkage to galactose residues (Wagh, 
Bornstein & Winzler, 1969). Glycoproteins, gangliosides and cerebero- 
sides usually have terminal sialic acid molecules substituted to 
galactose residues or sialic acid residues. (Roseman, 1970).
Incorporation of sialic acid into glycoproteins. The pathways of 
incorporation of sialic acid (n-acetyl neuraminic acid) are 
summarised in Fig. 1/5* Glucose-6-P is converted into glucosamine 
derivatives, mannosamine derivatives and then into n-acetyl 
neuraminic acid (NANA). In contrast to protein synthesis where 
specificity is governed by a genetic template, the oligosaccharide 
chains of mucins, glycoproteins and glycolipids are governed by the 
complex formation of a group of glycosyl transferases (Roseman, 1970). 
Enzyme specificity for each type of carbohydrate molecule and its 
order of addition is under genetic control.
In the synthesis of the carbohydrate portion of a glyco­
protein, the activated forms of the monosaccharides are the 
corresponding nucleotides where the carbohydrate portion is bound to 
the oligosaccharide chain by sequential attachment. This reaction 
is catalysed by a particulate bound specific glycosyl transferase 
system which is located in the Golgi apparatus (Morre, Hamilton, 
Mollenhauer, Manley, Cunningham, Cheetham and Lequire, 1970).
Clearance of desialated proteins from the circulation. The role of 
sialic acid as the terminal residue of a glycoprotein chain has been 
investigated (Pricer and Ashwell, 1971 ).> with the result that plasma 
membrane from rat liver will bind desialated proteins. The presence 
of sialic acid on the plasma membrane has been found to be a pre­
requisite for binding, whereas the presence of sialic acid on the 
glycoprotein chain prevents binding. This has led to the suggestion 
that there is an intrinsic membrane associated sialyl transferase on 
the plasma membrane of rat liver which will permit binding of the
Glucose
Glucosamine 
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CH OH
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FIQ 1/3. Synthetic pathway for the incorporation of sialic 
acid (N-acetyl neuraminic acid) into glycoproteins 
„ and -gang!iosides.
desialated proteins which may then be removed from the circulation.
Histochemical demonstration of sialic acid in the kidney. Early 
studies on the kidney suggested that the basement membrane is composed 
of two layers, an inner layer which stains with Periodic Acid Schiff 
(PAS), indicating a polysaccharide, and an outer epithelial layer 
which stains blue with Alcian blue indicating an acid mucopoly­
saccharide (Ritter & Oleson, 1950; McManus, Lupton & Graham, 1951)* 
The Periodic Acid Schiff positive material has been variously termed 
polysaccharide, mucopolysaccharide and protein-carbohydrate complex, 
whereas in chemical terms this merely means the presence of 1,. 2, 
glycolyl or amino groups (Misra & Berman, 1969)*
Alcian blue and colloidal iron have been used histochemically 
to demonstrate the presence of sialic acid (Jones, 1969; Mohos, 1970; 
Shea, 1971)* Neuraminidase treatment of the membranes before 
staining showed that the reaction with Alcian blue and colloidal iron 
was ablated (Mohos & Skoza, 1970).
Sialic acid in cell membranes. It has long been suspected that cell 
surface molecules play an important role in stabilising blood group 
antigens (Watkins, 1966; Lisowska &'Morawicki, 1967; Ebert, Metz & 
Roelcke, 1972). These cell surface molecules which are rich in 
glycoproteins have been found in many cell types (Fawcett, 1964; 
Rambourg & Leblond, 1967). Gasic and Beydak found that in several 
types of experimental tumours the surface glycoprotein is rich in 
n-acetyl neuraminic acid (1961). The sialic acid is the major factor 
determining the surface net negative charge of many animal cell types 
and may well be involved in the behaviour of tumour cells in vitro
(Abercrombie & Ambrose, 1962). It has been suggested that the 
cell surface sialic acid on tumour cells may be responsible for 
the prevention of the detection of tumour antigens by host organisms 
(Currie & Bagshawe, 1967; Currie & Bagshawe, 1968 a, b). To 
confirm this finding, removal of sialic acid from Landshutz ascites 
tumour cells results in an enhancement of the immune response 
(Currie & Bagshawe, 1968 a, b).
A glycoprotein which inhibits the migration of leucocytes, 
migration inhibitory factor, is dependent on the presence of sialic 
acid for activity. Neuraminidase treatment of this glycoprotein 
results in a total loss of activity (Remold & David, 1971)*
Sialic acid in amino nucleoside nephrosis. Rats treated with 
Puromycin amino-nucleoside result in an increase of proline with 
the conversion to hydroxyproline in the glomerular basement membrane 
and the associated onset of proteinuria (Michael, Blau & Vernier,
1970; Blau & Michael, 1971)- Further work on these rats demonstrated 
a significant decrease in the glomerular sialic acid concentration 
(Blau & Michael, 1972).
The importance of sialic acid in the glomeruli has been 
indicated by Laurent (1966) and Larsen (1967) where fixed or protein 
bound polyanions are essential in maintaining the ability of all gel 
systems to exclude molecules, therefore a decrease in the glomerular 
sialic acid concentration would lower the net surface negative charge, 
thus preventing the membrane capacity to act as an effective filter 
(Blau & Michael, 1972), resulting in proteinuria.
Sialic acid changes in diabetes mellitus. In the pathogenesis of the
chronic complication of diabetes mellitus, the study of the non - 
insulin dependent pathways may be important. Studies on non­
glucose carbohydrates in the plasma of diabetics have shown the 
concentration to be higher in diabetic as compared with normal 
individuals. However, the level is not higher than that of patients 
with other diseases (Berkman, Rifkin & Ross, 1955)* When diabetics 
are subjected to a high carbohydrate load such as in a glucose 
tolerance test, the serum fucose level appeared to be increased 
(Shaw, Kryston & Mills, 1968). When, however, these results were 
repeated using a more specific method for the determination of fucose 
the level of fucose and sialic acid in diabetic sera during a glucose 
tolerance test was the same as normal under identical conditions 
(Howard & Kelleher, 1971)*
The retinal vasculature has been isolated at post-mortem 
from non-diabetic and diabetic eyes. Chemical analyses have revealed 
increases in the content of hydroxyproline and hexosamine in the 
diabetic group with no increase in sialic acid (Heath, Paterson &
Hart, 1967).
Sialic acid changes in the kidney. Sialic acid of human glomeruli 
has been determined in a variety of non-diabetic renal conditions 
(Blau & Haas, 1975) with the conclusion that a significant decrease 
in sialic acid content anteceded proteinuria. These results agree 
with experiments carried out on nephrotic rats (Blau & Michael, 1971) 
These animals possessing an induced nephrotoxic nephritis also showed 
after ten days, a decrease in the glomerular sialic acid (Chui & 
Drummond, 1972).
Investigation into the composition of collagen with relation
to age (Pearson, Happey, Naylor, Turner, Palframan & Shentall, 1972; 
Miller, Martin, Piez & Powers, 1967) resulted in the hexose content 
of some collagen molecules being altered.
In advanced diabetic involvement of the kidney, Westberg and 
Michael (1975) found a decrease in the glomerular sialic acid content 
as compared with normal. The age of the normal kidneys used by 
Westberg and Michael was not given and the diabetic kidneys ranged 
from 10 to 72 years of age.
The importance of sialic acid in glycoproteins encouraged us 
to investigate the sialic acid content of age and sex matched diabetic 
and normal kidneys. This would show if: a decrease in glomerular 
sialic acid may be associated with age changes.
Basement membrane has been shown to be a collagen like 
structure (Kefalides & Winzler, 1966; Spiro, 1967; Mahieu & Winand, 
1970). Changes in carbohydrate with age, therefore, should also be 
investigated (Pearson, Happey, Naylor, Turner, Palframan & Shentall,
1972).
MATERIALS
Chemicals
Periodic acid (about 50$); sodium arsenite; 
2-thiobarbituric acid; butan-l-ol (A.R.); orcinol 
(5* 5* - dihydroxytoluene); N-acetyl neuraminic acid crystalline, 
synthetic, type IV, approx. 95$; D (+) galactose, anhydrous;
D (+) mannose.
Reagents
0.025 M-periodic acid in 0.0625 M-HgSO^ pH 1.2; 2$ sodium
arsenite in 0.5 M-HC1; 0.1 M-2-thiobarbituric acid in water (the 
pH adjusted to 9*0 with 5 M-NaOH. Thiobarbituric acid will not 
dissolve until the pH is at 9»0); butan-l-ol containing 5$ (v/v) 
concentrated hydrochloric acid; orcinol/H^SO^ reagent (consisting 
of 7*5 volumes of 60$ HgSO^ and 1 volume of 1.6$ orcinol).
Standards
Sialic acid
Stock standard: 10.42 mg n-acetyl neuraminic acid
was made up to 2.5 ml with distilled 
water. This was stored at -20°C 
until used.
Working standard: 1 ml of stock standard was made up
to 100 ml with distilled water.
This gave a concentration of
Working standard: 20.85 pg/0.5 ml.
(cont.)
The working standard was distilled 
to give 20.85, 17.95, 15.01, 12.09,
9.17, 6.26, 0 jug/0.5 ml respectively.
Total hexose
Working standard: A combined working standard of
galactose and mannose was used.
5 mg each of each sugar was weighed 
out and made up to 10 ml with 
distilled water. This gave a combined 
sugar concentration of 1 mg/ml.
Standards were diluted to give 
100, 150, 200, 250, 500, 550 pg/ml.
Human tissues
The glomeruli were isolated from diabetic and normal kidneys 
obtained at post-mortem. The diabetics studied had a clinical history 
of diabetes for at least ten years. Normal kidneys were divided into 
two distinct groups. The first group were aged above sixty, age and 
sex matching with the diabetics, showing no macroscopic evidence of 
renal disease. The second group were obtained at road traffic 
accidents whose ages were below thirty. The method of isolation of 
the glomeruli is described elsewhere (Chapter II). The glomeruli 
isolated from each kidney were kept separate and freeze dried for 
storage in a dehydrated state for use.
METHODS
Determination of sialic acid (Warren, 1959, modified by Aminoff,
1961). The method of sialic acid estimation is dependent on sialic 
acid being in a free state. Bound sialic acid has, therefore, to 
be released by hydrolysis with 0.1 M-HC1 at 84°C for 2.5 hours.
In glass stoppered tubes the sample 5-40 pg n-acetyl 
neuraminic acid in 0.5 ml water/standard/hydrolysate was treated 
with 0.25 ml periodate reagent, mixed and placed in a 37°C water 
bath for 30 minutes. At the end of this time, 0.25 ml sodium 
arsenite was added and mixed. After 1-2 minutes, when the yellow 
iodine colour had disappeared, 2 ml of thiobarbiturate reagent was 
added, mixed and placed in a boiling water bath for 7*5 minutes.
The tubes were then cooled rapidly in ice. When the tubes were cold,
5 ml of butanol was added, the tubes stoppered and shaken vigorously. 
The two layers were separated by centrifugation and the optical 
density of the butanol layer was read in a spectrophotometer at 
549 nm against the reagent blank.
The standard graph gave a straight line in all cases. To 
check the method, the recovery of n-acetyl neuraminic acid was 
carried out on ten separate occasions and the mean recovery was
99$ t 2.
Determination of total hexose (Winzler, 1955). An amount of freeze 
dried glomeruli (containing about 100 pg hexose) was weighed and to 
this 1 ml of water was added and mixed. To 1 ml sample/water/standard,
8.5 ml of orcinol/H^SO^ reagent was added, mixed and heated in an 80°C 
water bath for 15 minutes. After cooling the optical density was read 
in a spectrophotometer against the reagent blank at 540 nm.
RESULTS
Rate of Release of Sialic Acid from Glomeruli by Acid Hydrolysis
The effect of time on the hydrolysis of sialic acid from 
glomeruli was investigated. Aliquots of hydrolysate after 
centrifugation were taken at timed intervals and stored at -20°C 
in stoppered glass tubes until the end of the experiment, when all 
the samples were analysed.
About 5 mg each of diabetic and normal glomeruli were 
weighed and added to 5 ml 0.1 M-HC1. The tubes were allowed to 
stand for 15 minutes at room temperature to allow hydration, then 
placed in a water bath at 84°C.
The hydrolysis curve (Fig. 2/3) shows that a maximal release 
of sialic acid takes place from diabetic and normal glomeruli at
2.5 hours. For all sialic acid determinations on human glomeruli, 
a hydrolysis time of 2.5 hours was adopted.
To Establish that the Rate of Release of Sialic Acid is similar 
from Diabetic and Normal Glomerular Membrane
This experiment was carried out to answer the question that 
a change in sialic acid concentration between diabetic and normal 
groups may be due to a difference in the rate of release from the 
membrane.
A known amount of glomeruli from diabetic, and normal below 
the age of thirty and normal above the age of sixty were hydrolysed 
for 2.5 hours. At the end of this period, the hydrolysis tube was
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Fig. 2/5. Hydrolysis curve for the rate of release 
of sialic acid from diabetic subjects 
aged above 60 years and normal subjects 
aged below 50 years. Acid used was 0.1-M 
HC1 and the temperature 84°C.
centrifuged and the supernatant taken off as completely as possible. 
To the sediment a further volume of acid, equal to the first amount, 
was added and the hydrolysis continued for a further 1.5 hours, 
giving a total hydrolysis time of 4 hours. This was carried out to 
investigate the possibility that the release of sialic acid from 
diabetic glomeruli was slower than normal glomeruli, therefore 
resulting in an apparent decrease in concentration. If this were 
the case, the sialic acid level in the second aliquot of acid added 
would be higher in the diabetic as compared with the normal.
The determinations were carried out in duplicate at each 
hydrolysis time and the mean results plotted. The results (Fig.
5/5) show that after the 2.5 hours hydrolysis period, most of the 
sialic acid had been split off the membrane. When the hydrolysis 
was continued for a further 1.5 hours in fresh acid, 5% more sialic 
acid was split off the diabetic and the normal below thirty age group 
and ~J?o more sialic acid was split off from the normal above sixty 
age group.
Rate of Breakdown of Sialic Acid during Hydrolysis
For the quantitative determination of sialic acid, only acid 
hydrolysis is applicable since alkaline hydrolysis transforms part 
of the sialic acid molecule to 2-carboxy pyrrole (Gottschalk, 1955)* 
The sialic acids have been shown to be easily split off in mild acid 
medium but some destruction does take place.
To investigate the degree of destruction, pure n-acetyl 
neuraminic acid equivalent to the amount present in the glomeruli
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was hydrolysed for 2.5 hours using identical conditions. Sialic 
acid was determined in duplicate on samples prior to and post 
hydrolysis. It was found that the recovery of sialic acid was 
89.5%, corresponding to a breakdown of sialic acid over the 
hydrolysis period of 10.5$*
In the results for sialic acid in diabetic and normal 
glomeruli, all calculations have been corrected for a 10.5$ loss 
by breakdown.
Sialic Acid in Diabetic and Normal Glomeruli
Samples from each group of glomeruli were weighed out and 
analysed in duplicate. The results summarised in Table 1/5 are 
expressed as the mean of duplicate determinations of sialic acid 
content per mg dry glomerulus.
The results show that the sialic acid content of diabetic 
; glomeruli is lower than normals below the age of thirty. Normals 
above the age of sixty with no family history or macroscopic 
evidence of renal disease also have a low sialic acid content as 
compared with young normals but the same as the diabetic group 
(Fig. 4/5). The difference may be due to a decrease in sialic acid 
only, or to a decrease in total carbohydrate content of the 
glomeruli. In the latter case the ratio of sialic acid to total 
carbohydrate would be the same for each group.
Glomerular Hexose Content
Glomeruli from both diabetic and normal kidneys were weighed
Glomeruli Age N-acetyl neuraminic 
acid (jig/mg glomeruli, 
dry weight)
Mean ± S.E.M.
Diabetic
COP 74 8.5
CLE 63 7.1
WAK 75 7.7 7.4 t 0.3
JEDG 55 6.9
FEM 66 6.9
Normals below age of 30 years
CHI 5 9.6
MAL 20 11.4
TUC 21 9.2 9-4 + 0.6
CLA 26 8.5
PRI 20 8.3
Normals above age of 60 years
HUG 66 6.0
KIN 75 7.0
BLU 62 6.6 6.8 + 0.2
COP 80 7.7
GAM 70 6.8
BUC 60' 6.7
TABLE l / 3 Results of sialic acid (n-acetyl neuraminic 
acid) content from diabetic glomeruli, 
normal glomeruli aged below 50 years and 
normal glomeruli aged above 60 years. The 
results are expressed as the mean of 
duplicate estimations.
S.E.M. - Standard error of the mean
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out in duplicate and the total hexose determined to ascertain if 
the hexose content was the same or different in each group.
The results shown in Table 2/3 and Fig. 5/3 indicate that 
there is no significant difference in the hexose content between 
each group. This is a rather surprising result since it does not 
agree with the presence of an increased deposition of a Periodic 
Acid Schiff positive material in diabetic kidney (Marble* Wilson & 
Root, 1951; Le Compte, 19^3; Bloodworth, 1968). Furthermore, 
expressing the sialic acid results in terms of hexose content does 
not alter the trend expressed in Fig. 4/3. These investigations 
show that the decrease in sialic acid is also linked with age rather 
than a process unique in diabetes mellitus.
Sample Hexose/ 
(jug/mg glomeruli, 
dry weight)
Mean 
+ S.E.M.
Ratio of I 
n-acetyl neuraminic 1 
acid/total hexose 
($ w/w)
Diabetic
COP 45
CLE 54
WAK 60 56 + 3 13
JEDG 65
FEM 55
Normals below the age of 30 years
CHI 34
MAL . 55
TUC 57 45 i 5 21
CLA 39
PRI 40
Normals above the age of 60 years
HUG 65
KIN 54
BLU 48 5 2 + 4 13
COP 54
GAM 39
BUC 50
TABLE 2/3. Results of the total hexose content from
diabetic glomeruli, normal glomeruli below 
the age of 30 years and normal glomeruli 
above the age of 60 years. The results are 
expressed as the mean of duplicate 
determinations.
S.E.M. - Standard error of the mean
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Fig. 5/3* Results on total hexose determinations carried 
out on normal glomeruli from subjects aged 
below 30 years, above 60 years and diabetic 
subjects aged above 60 years. The limits on 
the graph are the mean + standard error of 
the mean.
DISCUSSION
The release of sialic acid from diabetic and normal glomeruli 
was found to be maximal at 2.5 hours. Over this hydrolysis time 
there was a 10.5$ breakdown of sialic acid. To investigate the 
possibility that a difference between diabetic and normal glomeruli 
could be due to an alteration in the rate of release from the 
membrane has been shown in Fig. 3/5* The hydrolysed glomeruli were 
subjected to a further hydrolysis for 1.5 hours. The net release of 
sialic acid on this second hydrolysis was no more than 5$ of the 
first value. Since the accuracy of the method is no better than t 3$* 
the result obtained for the second hydrolysis does not alter 
significantly the final result.
The isolation and characterisation of glomerular basement 
membrane from bovine (Spiro, 1967 a; 1967 h), canine (Kefalides & 
Winzler, 1966), rat (Huang & Kalant, 1968.) and human (Mahieu &
Winand, 1970; Beisswenger & Spiro, 1970) kidneys have been well 
documented and investigations into their sialic acid content have been 
carried out with varying results. A comparison of several authors' 
results of the glomerular sialic acid content has been made by 
Kawamura, Kawanishi and Nagano (1969) but they compared the glomerular 
sialic acid content of several species. Recently, Beisswenger and 
Spiro (1972) investigating human diabetic glomerular basement membrane 
found that only n-acetyl neuraminic acid was present. This agrees with 
the earlier work carried out by Gottschalk (i960) who found that the 
n-acetyl derivative of sialic acid has only been found in man.
An article recently published by Westberg and Michael (1975) 
reported that in advanced diabetic nephropathy there is a significant
decrease in the content of sialic acid. The controls used were 
from normal persons killed in accidents, but no ages were given for 
comparison.
The results shown in the present study indicate that there 
is a significant decrease in the sialic acid content of diabetic 
glomeruli, but this is similar to the decrease observed in normal 
persons above the age of 60 years (Fig. 4/5)• The decrease in sialic 
acid but no overall change in total hexose suggests that one or more 
residues of sialic acid are replaced by other sugars.
The reduction from 21$ to 13$ when sialic acid is expressed 
as a percentage of total hexoses (Table 2/3) may suggest that one out 
of each three sialic acid residues are lost. This could be due to 
replacement of sialic acid by other sugar residues or a defect in 
the synthesis of the oligosaccharide chain.
The decrease in sialic acid content of the oligosaccharide 
chain of basement membrane glycoprotein is probably due to an enzymic 
defect which is present in the diabetics investigated and normal 
persons above the age of sixty years.
CHAPTER IV
INVESTIGATION OP ANTIBODY 
IN DIABETIC KIDNEY
INTRODUCTION
The Use of Antisera Conjugated to Fluorochromes
It was discovered by Reiner in 1930 that the antibody 
molecule could be conjugated with simple chemical compounds without 
destroying its capacity to react specifically with its antigen. In 
1942, Coons and his colleagues presented a method for the detection 
of antigenic material in cells in which antibody labelled with 
fluoroscein was employed as a specific histochemical stain (Coons, 
Creech, Jones & Berliner, 1942). An improved modification of this 
method was described by Coons and Kaplan (1950). They separated 
the two isomeric forms of fluoroscein and used the yellow reduced 
(isomer II) form for preparation of the isocyanate derivative prior 
to conjugation to the protein. The use of the isothiocyanate 
derivative was introduced later by Riggs, Seiwald, Burckhalter, Downs 
and Metcalf (1958) and has largely replaced the isocyanate derivative 
as a protein label due to its ease of solubility in aqueous solutions.
The conjugation of aromatic isocyanates to proteins by the 
carbamido linkage was a subject investigated by Hopkins and Wormall 
(1935)* who found that between 80$ and 90% of the free amino groups 
of caseinogen had disappeared during its reaction with phenyl 
isocyanate in aqueous solutions at slightly alkaline pH. These 
workers concluded that the most likely reaction site was the £ -amino 
group of lysine. Creech and Jones (l94l) repeated this work on the 
conjugation of isocyanate of the higher aromatic hydrocarbons to 
protein and agreed with the conclusions of the previous workers 
concerning the site of conjugation; however, they also recorded an 
apparent conjugation to a protein deficient in lysine. Later work
has shown that the primary target in insulin and other proteins 
for the covalent binding of fluoroscein isothiocyanate was, in 
fact, the N-terminal cc -amino acids of peptides at a pH below 9*5 
(Tietze, Mortimore & Lomax, 1962; Bromer, Sheehan, Berns &
Aquilla, 1967; Maeda, Ishida, Kawauchi & Tuzimura, 1969). It was 
also suggested that this reagent could be used for the micro­
analysis of N-termini of peptides similar to the Edman degradation.
It is well established that the number of fluorescent groups per 
molecule of protein has to be controlled since the greater the ratio 
the greater the degree of non-specific fluorescence.
With careful control satisfactory brightness of staining 
with a minimum of background fluorescence can be achieved (McKinney, 
Spillane & Pearce, 1964).
Immunofluorescence not only has the property of being able to 
detect antigens in tissues but also shows the location of the antigen 
in the cell.
Immunoglobulin and Insulin in Diabetic Kidney
Immunofluorescent observations in diabetic nephropathy have 
been reported by several authors but the results obtained are in some 
respects contradictory. A linear deposition of IgG on glomerular 
basement membrane has been reported by Burkholder (1965); Urizar, 
Schwartz, Top and Vernier (1969); Gallo (1970). However, Davies 
Woolf and Carstairs (1966) found no evidence of IgG deposition.
Several investigators have studied the possibility that the 
IgG deposited could represent antibodies to insulin, and therefore 
attempted to stain kidney sections with fluoroscein isothiocyanate
conjugated (FITC) insulin. Bems, Owens, Hirata and Blumenthal 
(1962) using fluorescent beef insulin, found an insulin binding 
ability in almost all cases of diabetic glomerulosclerosis. In 
addition, the presence of anti-human globulin was also demonstrated. 
Microscopically, the FITC-insulin bound areas were similar to those 
stained with the Periodic Acid Schiff reaction. The binding of 
FITC-labelled insulin in diabetic glomerular capillaries as a thin 
linear deposition on the glomerular basement membrane has also been 
demonstrated by Farrant and Shedden (1965).
Glomerular staining with antisera to C3 complement (B^/B^A) 
has been investigated (Freedman & Markowitz, 1962; Gallo, 1970; 
Westberg & Michael, 1972) and the presence of C3 complement was shown 
to be present in some diabetic kidneys.
In 1972 Westberg and Michael eluted antibodies from glomerular 
basement membrane with acidic buffer. However, this eluate showed 
no affinity for normal basement membrane when subjected to immuno­
fluorescence, in spite of the fact that the concentration of 
immunoglobulins in the eluate was sufficiently high for detection 
had they been basement membrane specific.
These conflicting reports of whether the antibody present in 
diabetic kidney is present as an active or passive process has led 
to the following investigation of diabetic and normal kidneys from 
both elderly and young subjects.
MATERIALS
Chemicals
Dextran T 150, molecular weight 150,000 (Pharmacia); 
agarose (Paynes & Byrne Ltd.); naphthalene black 10B (amido black); 
C.l. 20470 (Raymond A. Lamb).
Reagents
Phosphate buffered saline (0.145 M-NaCl, 0.01 M-phosphate 
pH 7.1); glycerol mountant consisting of 9 parts glycerine and 
1 part phosphate buffered saline; tissue culture medium 199 
(Wellcome Reagents Ltd.); 0.02 M-citrate buffer pH 3*2; 1$
agarose in 0.03 M-barbitone buffer pH 8.6 (consisting of 0.92 gm 
di-ethyl barbituric acid, 5*15 gm barbitone sodium and 5 ml' 5$ 
thymol in iso-propanol diluted with water to 1 litre); 8$ Dextran;
0.1$ amido black in methanol/acetic acid/water (5:1:5); 
methanol/acetic acid/water (5:1:5)•
Apparatus
Glass plates (Kodak slide cover glasses 50 mm x 50 mm); 
absorbent lint B.P.C. (wicks for electrophoresis tank); Kohn Mark II 
electrophoresis tank (Shandon Southern Ltd.); Electrophoresis power 
supply Type 264 (M.B.I. Ltd.); Reichert fluoropan fluorescence 
microscope with an HBO 50 burner using an FITC 3 and a K470 primary 
filter (Leitz Instruments Ltd.) and a yellow u.v. cut off secondary
filter.
Antisera
FITC conjugates of sheep antisera to human IgA, IgM* IgG, 
total immunoglobulin (Wellcome Reagents Ltd.); FITC conjugate 
of rabbit antisera to sheep immunoglobulin (Wellcome Reagents Ltd.); 
FITC conjugate of rabbit antisera to human B^C/B^A (C3) complement 
(Hoechst Pharmaceuticals Ltd.); sheep antisera to human IgG, IgA, 
IgM, whole human serum proteins (Wellcome Reagents Ltd.); horse 
antisera to whole human serum proteins (Wellcome Reagents Ltd.); 
rabbit antisera to human B^C/B-^A (C3) complement (Hoechst 
Pharmaceuticals Ltd.).
Animal tissues
The kidney from a freshly killed rat was cut into blocks 
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measuring 0.5 cm and snap frozen. A fresh block of kidney tissue 
was obtained weekly.
Human tissues
Diabetic kidneys were obtained at post-mortem from patients 
who had had a clinical history of diabetes for at least ten years. 
Normal kidneys, which were used as controls, were taken from non­
diabetic subjects having no history of kidney disease or macroscopic 
evidence of kidney involvement.
The tissues were snap frozen within one day of death and 
o
stored frozen at -70 C.
METHODS
Processing of Tissue Blocks
Tissue blocks were cut from the cortex of the kidney 
3
approximately 0.5 cm in size, immediately snap frozen using a 
Slee freezing microtome stage and stored at -70°C in airtight
3
plastic bags. The blocks should not be much larger than 0.5 cm 
since morphological changes of the tissue will occur on freezing 
in the case of larger blocks.
Indirect Method of Immunofluorescence (Coons & Kaplan, 1950)
Cryostat sections of tissue 6 mp in thickness were cut at 
-20°C. The sections were attached to alcohol-washed glass 
microscope slides and fan dried at room temperature for one hour.
The middle layer, either patient's serum or mono-specific antibody, 
was diluted and applied to each section so that the whole section 
was covered. The slides were then placed in a damp chamber to 
prevent evaporation and left for thirty minutes in order to allow 
the middle layer to react with the antigen. The slides were then 
removed from the chamber and the serum was flushed off with phosphate 
buffered saline. The slide was then immersed for 30 minutes in a 
bath of phosphate buffered saline which was subjected to gentle 
mixing using a magnetic stirrer. The slide was removed from the bath 
and the excess buffer gently removed from the glass, the diluted 
conjugate applied and the slide returned to the damp chamber for a 
further 30 minutes. The conjugate was again flushed off and the slide
returned to a fresh bath of phosphate buffered saline for one hour, 
again applying gentle mixing. The slides were mounted with cover- 
slips using a glycerol mountant and observed in a fluorescence 
microscope.
Direct Method of Immunofluorescence
The sections were cut and dried as in the indirect method.
The slides were then washed in a bath of phosphate buffered saline 
for 15 minutes using magnetic stirring. This step removes excess 
blood cells and serum which contribute to the background 
fluorescence but leaves the antigen complex intact. The excess 
buffer was removed from the slides which were then transferred to 
a damp chamber and the diluted conjugate applied and left for 30 
minutes. The subsequent steps of the technique were then the same 
as the indirect method.
Antisera standardisation. All antisera used, whether conjugated 
with fluorochromes or not, were checked for specificity employing 
the double immuno-diffusion technique of Ouchterlony (1958). No 
evidence of a non-specific antibody action was found. In order to 
increase the sensitivity of the technique, the antibody/antigen 
salting out method of Ceska (1969) using Dextran T150 was used, and 
again no evidence of a non-specific reaction was found.
All the fluorescent antisera used were titrated to give 
optimum working conditions in which the background fluorescence was 
negligible and the antigen/antibody complex gave bright fluorescence.
Conjugation of the fluorochrome to the protein always
produces some denaturation of the antibody due to the relatively 
high pH of the reaction medium. As a result, there is occasionally 
a precipitate of denatured FITC-antibody. If the precipitate is 
not removed, the background fluorescence will be increased and can, 
in some cases, lead to a masking of the fluorescence due to the 
antigen/antibody complex. To overcome this non-specific 
fluorescence, all the conjugates were centrifuged at 840 x g for 
10 minutes and the supernatant then diluted.
Antibody titration. Sections of tissue were cut, mounted on glass 
slides and fan dried. The middle layer antibody was diluted in 
doubling dilutions and applied to the sections which had been placed 
in a damp chamber. After washing, the conjugate was diluted in 
doubling dilutions and applied to the sections, left for the requisite 
time and washed again. The mounted slides were observed in a 
fluorescence microscope and the results interpreted as follows.
Employing a fairly high concentration of conjugate, the 
middle layer dilutions were viewed and that dilution just producing 
visible fluorescence was noted. The conjugate dilutions were viewed 
again using the dilution of middle layer as described above. The 
greatest dilution of conjugate which does not decrease the fluorescence 
of the middle layer and produces no background fluorescence was the 
conjugate end point (Fig. 1/4). In practice, in order to allow for 
some residual phosphate buffered saline left on the section after 
washing, the conjugate is used at the penultimate end point dilution.
Immunofluorescence controls. The following criteria were used to 
check the tissues and the specificity of the antisera.
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FIG 1/4 Titration.of fluoroscein isothiocyanate conjugate against 
antiserum used in the middle layer. Prom the above results 
the middle layer is used at a dilution of 1:250 and the 
conjugate is used at 1:64.
1. The tissues were controlled by carrying out the method using 
phosphate buffered saline alone. If the sections were 
fluorescent then it had to be borne in mind when interpreting 
the samples that this was due to an inherent fluorescence.
2. The conjugate must be checked using a known anti-nuclear
factor reference serum (M.R.C. reference standard) as a 
middle layer* against a sheep anti-human immunoglobulin 
conjugate. This result should be positive with absence of 
background staining.
3. The conjugate should also be controlled using phosphate
buffered saline as the middle layer alone. A positive result 
indicates a cross reactivity of the conjugated antisera or a 
gross denaturation of the protein. The conjugate should be 
adsorbed with appropriate antigens* i.e. acetone washed 
tissue* in order to overcome the former possibility. This 
can then be followed by centrifugation of the conjugate and 
re-testing of the supernatant in order to eliminate the other 
alternative.
4. The section was treated with unlabelled antiserum followed by
a washing step* followed by the same FITC labelled antiserum. 
This resulted in a diminution to absence of fluorescence as a 
result of the antigen being "blocked” by the unlabelled 
antiserum.
Elution of Antibody from Diabetic Kidney
The method was essentially the same as that published by
McPhaul and Dixon (1970). The cortex was cut from the kidney
together with a small amount of medulla. The tissue was then 
homogenised in phosphate buffered saline for fifteen minutes using 
a Silverson blender. The tissue was washed with phosphate buffered 
saline until the supernatant was clear. The tissue was isolated 
between each wash by centrifuging at 2*000 x g for thirty minutes. 
At the completion of the washing step ten times the tissue volume 
of 0.02 M-citrate buffer pH 5*2 was added. The mixture was placed 
in a 57°C incubator for 2.5 hours with continuous stirring. The 
suspension was then centrifuged at 2*000 x g for thirty minutes 
and the supernatant aspirated* adjusted to pH 7*0 with NaOH. The 
eluate was then dialysed against 5 litres of phosphate buffered 
saline overnight at 4°C with continuous stirring. The precipitate 
was removed and the eluate concentrated to 10 ml using an Amicon 
UM 05 filter (molecular weight cut off ^  500 daltons). The 
concentrated eluate was stored frozen until used.
Immunological characterisation of kidney eluate. The techniques 
for single dimension immunoelectrophoresis* two-dimensional immuno- 
electrophoresis and double immuno-diffusion are described in 
Chapter VI.
RESULTS
An Inherent Fluorescence of Diabetic and Normal Kidneys
Eleven diabetic kidneys were investigated for the presence 
of immunoglobulin and C5 complement (B^C/B-^A). The results 
indicated a thin line of fluorescence on the glomeruli and inter- 
tubular connective tissue when stained with the fluorescent 
conjugates. The fluorescence was not diminished when the sections 
were treated with non-conjugated sheep anti human immunoglobulin 
and rabbit anti human C5 complement (B-^ C/B-^ A) before staining.
However* when the sections were treated with phosphate buffered 
saline alone* the glomeruli and tubules still fluoresced at a similar 
wavelength to FITC (Table 1/4* Fig. 2/4). Seven normal kidneys 
obtained from subjects with ages greater than 60 years also gave a 
linear staining of fluorescence with the conjugated antisera which 
was similar to the diabetics. After the sections had been pre­
treated with non-conjugated antisera* there was no diminution of 
fluorescence. Similarly* the sections treated with phosphate buffered 
saline alone also fluoresced.
Eight normal kidneys obtained from subjects below the age of 
thirty gave negative results when treated with the conjugates with 
the exception of three which had reactions with anti IgG, and one with IgA. 
IgM and phosphate buffered saline alone (HAV). The results of 
phosphate buffered saline treatment alone were negative (Fig. 5/4) 
except in one case (HAV) which had a trace of fluorescence.
The problem of interpreting fluorescence due to a specific 
antibody/antigen interaction as opposed to an apparent auto-
Results of direct immunofluorescence on kidney sections obtained 
from diabetic subjects, normals above sixty years of age, 
normals below thirty years of age. The degree of fluorescence is 
arbitrarily graded as +, ++, +++, according to increasing degrees 
of fluorescence, (+-) as trace and - negative.
Kidney
Conjugated^ antisera 
to
C3
IgG IgA IgJM Complement
Sheep anti 
human 
immuno globulin
Controls
Rabbit anti 
human Cj5 
Complement
PBS
alone
- Diabetic
CLE ++ ++ ++ ++ ++ ++ ++
COP ++ ++ + + + + +
WAK ++ ++ + + + + +
FEM + + (+-) + (4-) (+-) (+-)
HOS + + + + (+-) (+-) +
EDG ++ ++ ++ ++ ++ ++ ++
DIA + + + + + + +
RCD (+-) + + + + + +
ELL + (+-) (+-) + (+-) (+-) (+-)
BAC ++ ++ ++ Not done Not done Not done +
GIB ++ ++ ++ + + + +
Normals aged above sixty years
HUG + + + + + + (+-)
BUC + + + + + + +
COP + + + + + + +
STE + (+-) (+-) (+-) (+-) (+-) (+-)
KIN + (+-) (+-) (+-) (+-) (+-) (+-)
PAR + + + + + + +
BAR + (+-) (+-) (H~) (+-) (+-) (+-)
Normals aged below thirty years
CLA + - - — _ _ _
CHI - - - - - - -
MAL9 - - - . “ - - -
MAL5 - - - - - - -
ING (+-) - - - - - -
NOR - - - - - - -
HAV + (+-) (+-) Not done Not done Not done (+-)
MAL8 Not done Not done Not done
TABLE 1/4
Fig. 2/4. Diabetic kidney treated with phosphate 
buffered saline alone, showing linear 
fluorescence of the glomerulus. 
Magnification x 126
Fig. ^/4. Normal kidney treated with phosphate
buffered saline alone, showing absence 
of glomerular and tubular fluorescence. 
Magnification x 126
fluorescence of the tissue is very real. When using an HBO 50 lamp 
with a FITC 5 interference filter, short wave ultra violet light 
will pass through and contribute to the auto-fluorescence of the 
tissue. To overcome this, Naim (1968, 1969) has stressed the 
importance of maintaining a sufficient colour contrast, that is, 
bluish auto-fluorescence versus green FITC fluorescence. Cormane, 
Szabo and Hauge (1970) found the auto-fluorescence of elastic fibres 
in the skin of a patient with chronic discoid lupus erythematosus 
was sufficiently low to detect small quantities of FITC linked 
antibody on or in these fibres when they used narrow-band 
excitation with long wavelength blue light (480-490 nm). Long wave­
length blue light may be produced using an FITC 5 exciter filter 
with a 475 nm filter added as an extra primary filter, so as to 
absorb the ultra violet and violet light which is still transmitted 
by the short wave pass-interference filter (Ploem, 1971)*
The diabetic kidneys were then re-examined using the 475 nm 
(K475) cut-off filter in addition to the FITC 5 primary filter and it 
was found that fluorescence due to phosphate buffered saline alone 
was completely abolished. Moreover, the intensity of the fluorescence 
due to the conjugates was diminished and in some cases where there 
was a trace fluorescence this was abolished.
When the kidneys from normals aged above sixty years were 
examined with this filter system, in most cases the fluorescence was 
eliminated. In two cases, HUG and BUC, the presence of IgG, IgA and 
IgM was still detected.
Indirect Immunofluorescence of Diabetic Patients
The sera from diabetic patients that were used for the leucocyte
migration inhibition test (Chapter V) were examined by indirect 
immunofluorescence. The diabetic sera were diluted 1:10 with 
phosphate buffered saline and applied to rat kidney sections. The 
conjugate used was a sheep anti human immunoglobulin diluted 1:64 
with phosphate buffered saline.
The results (Table 2/4) have been grouped according to 
treatment. There was no fluorescence detected in any of the samples 
except one (Bateman) who showed very slight glomerular staining.
The normal group was also investigated by the same procedure and no 
fluorescence was detected.
Irradiation of Normal Kidney
The presence of fluorescent material bound to collagen has 
been noted by La Bella (1961). In subsequent studies La Bella and 
Lindsay noted an increase in fluorescence with aging. These 
authors suggested that the fluorescence was associated with the 
oxidation of tyrosine residues in collagen to form quinone compounds
and the subsequent interaction of such groups to form cross-links.
To try and repeat these findings in vitro the irradiation of 
normal kidneys with X-rays was carried out.
Normal kidney sections were cut, attached to glass slides 
and fan dried. A section was checked for absence of fluorescence 
using phosphate buffered saline alone and was proved negative. The 
rest of the slides were subjected to X-rays, using a K X 10 X-ray
unit at 140 KV and 4.5 mA with no extra filtration for 1, 2, 4, 8,
16 and 52 minutes. At each time one slide was taken, mounted and 
examined microscopically for fluorescence. The dose of X-rays given
Results of indirect immunofluorescence of diabetic 
patients grouped according to mode of treatment.
Patient Age Sex Fluorescence
Diabetics on insulin (mean age 42.8 years)
Hassam 75 F Negative
Lever 66 M Negative
Stopker 27 F Negative
Bateman 50 F Very slight linear glomerular 
staining
Gardiner 27 F Negative
Short 56 F Negative
Edwards 46 M Negative
Caldwell 29 F Negative
Kean 71 F Negative
Kempsall 6l F Negative
Gilberti 16 M Negative
Charmers 27 F Negative
Wise 71 M Negative
Callaghan 17 M Negative
Neaves 25 M Negative
Dodds 55 M Negative
Diabetics on chlorpropamide (mean age 60 years)
Taylor 47 F Negative
Puller 60 F Negative
Wilson 65 F Negative
Prasher 48 M Negative
Todd 65 M Negative.
Gordon 55 M Negative
Ross 77 M Negative
Heymer 65 M Negative
Lenoir 64 F Negative
Diabetics controlled on diet alone (mean age 49.6 years)
Waghorn 59 M Negative
Prowse 59 F Negative
Sweeby 57 M Negative
Muscat 65 M Negative
Martin 50 F Negative
Milne 69 F Negative
Hayden 62 M Negative
King 75 F Negative
Hunt 57 F Negative
TABLE 2/4
were 850, 1700, 3400, 6800, 13^600 and 27,200 rads. One slide 
was subjected to a dose of 200,000 rads. All the slides examined 
showed negative fluorescence.
The possibility that the negative results were due to an
absence of reaction at molecular level, due to the section being
in the dry state, has been investigated as follows. A block of 
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kidney 0.5 cm was placed in tissue culture medium 199 and 
subjected to X-rays using a wave accelerator with an Au source.
The dose received by the tissue was 30,000 rads. At the completion 
of the irradiation, the block was snap frozen and sections cut and 
examined for fluorescence. A control block was carried through the 
same procedure except that it was not irradiated. The results did 
not show any fluorescence of tubular or glomerular basement membrane 
material in the irradiated kidney or the control kidney.
Evidence of Antibody in Diabetic Kidney
Westberg and Michael (1972) eluted immunoglobulins from 
diabetic kidneys using pH 3*2 buffer. These workers found that 
unlike the immunoglobulin eluted in Goodpasture’s syndrome (McPhaul 
& Dixon, 1970), the eluted immunoglobulin from diabetic kidney 
showed no affinity for diabetic basement membrane when examined by 
immunofluores cence.
In an attempt to confirm these findings, two experiments were 
carried out. The first experiment consisted of eluting the antibody 
as described by Westberg and Michael (1972). The diabetic kidney used 
was shown to have a linear deposition of IgG around the glomerulus 
(Pig. 4/4) and a trace of IgA (Fig. 5/4). The second experiment
IFig. 4/4. Linear IgG deposition on the glomerulus 
and inter tubular connective tissue of 
a diabetic kidney.
Magnification x 126
Fig. 5/4. A trace of IgA deposition on the 
glomerulus of a diabetic kidney. 
Magnification x 126
consisted of processing a diabetic and normal kidney using the 
same method as above, but increasing the washing step by a factor 
of 2. The diabetic kidney (Coppard) used had a linear deposition 
of IgG around the glomerulus and some inter-tubular staining 
(Fig. 6/4), a linear deposition of IgA on the inter-tubular 
connective tissue with a trace of glomerular fluorescence (Fig.
7/4) and a linear deposition of IgjYl on the inter-tubular connective 
tissue (Fig. 8/4). The normal kidney used gave negative fluorescence 
results for IgG, IgA and IgM.
Immunological Characterisation of Diabetic Kidney Eluate
The protein concentration of the eluate was measured by the 
Waddel method (1956) and was found to be 6 mg/ml. The sample was 
then investigated by immunoelectrophoresis and was found to contain 
IgG, IgA and albumin. The eluate was then investigated by double 
immuno-diffusion (Fig. 9/^) using monospecific antisera and confirmed 
the presence of IgG and IgA. Using the Ouchterlony technique the 
eluate was put up against collagenase solubilised normal glomerular 
basement membrane and diabetic glomerular basement membrane. No 
precipitin arcs were detected. The sensitivity was increased using 
Qfo Dextran in the wells according to the method of Ceska (1969).
Again no precipitin line was detected. The eluate was then investi­
gated by immunofluorescence using normal rat kidney. No fluorescence 
of any kidney structure due to the presence of the eluate was detected.
Comparison of Eluates from Diabetic and Normal Kidneys
The eluates from normal and diabetic kidneys were investigated
Pig. 6/4. Diabetic kidney (Coppard) showing a
linear deposition of IgG on glomerulus 
and inter tubular connective tissue. 
Magnification x 126
Pig. 7/4. Diabetic kidney (Coppard) showing a 
linear deposition of IgA on the 
glomerulus and, to a lesser extent, 
the inter tubular connective tissue. 
Magnification x 126
Fig. 8/4. Diabetic kidney (Coppard) showing a
linear fluorescence on the inter tubular 
connective tissue with an absence of 
fluorescence on the glomerulus. 
Magnification x 126
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Fig. 9/4. Double immunodiffusion of an eluate from diabetic 
kidney (RCD) in the centre wells. The surrounding 
wells contained antisera to IgA, IgM, IgG, C9 
complement (C3) and anti whole serum proteins (AW). 
Normal plasma was also included (NP) to detect 
presence of antibody to plasma protein components 
in the kidney eluate. The antigens used in the 
surrounding wells of the second ouchterlony are 
collagenase soluble diabetic glomerular basement 
membrane (DG), normal glomerular basement membrane 
(NG) and the excluded peaks from G-150 Sephadex (Pk l) 
and Sepharose 6B (Pk 2) of collagenase soluble 
diabetic glomerular basement membrane.
by two-dimensional immunoelectrophoresis (Davies, Spurr & Versey, 
197l)» When the electrophoresis was carried out with agarose 
containing anti-whole serum, the diabetic sample produced four 
distinct precipitin arcs (Fig. 10/4). When the normal eluate was 
used against anti-whole serum (Fig. ll/4) one precipitin arc similar 
to the diabetic was produced (A), whereas two other arcs which do not 
appear in the diabetic eluate also appeared (B and C). The eluates 
were set up against antisera to IgG, IgA and IgM and no precipitin 
arcs seen.
Both diabetic and normal eluates were subjected to single­
dimension Immunoelectrophoresis against antisera to whole human serum.
The diabetic sample produced two arcs, the first in the albumin region
and the second in the fast oC region. The normal eluate only gave
a lipoprotein arc.
To investigate the possibility that a soluble component of 
kidney material had been eluted off, the two eluates were subjected 
to two-dimensional immunoelectrophoresis using antisera raised to 
normal and diabetic glomeruli. The antisera have been shown to be 
kidney specific and do not cross react with normal human sera.
Both diabetic (Fig. 12/4) and normal (Fig. 15/4) eluates 
produced arcs to antisera raised to normal glomeruli. Diabetic kidney 
eluate (Fig. 14/4) and normal kidney eluate (Fig. 15/4) produced two 
arcs when using antisera raised to diabetic glomeruli. When the 
results of the diabetic kidney eluate against the two antisera are 
compared (Fig. 12/4 and Fig. 14/4) an extra arc is seen with the 
antiserum raised to normal glomeruli. This underlines the hetero­
geneity of the antibody population produced to one or more antigenic 
determinants. The normal kidney eluates gave similar results with 
both antisera. (Fig. 15/4 and Fig. 15/4).
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Fig. 10/4. Two-dimensional Immunoelectrophoresis of a
diabetic kidney eluate using a 0.02 M~citrate 
buffer, pH 5*2. The antibody in the second 
dimension gel is a sheep antiserum to whole 
human serum proteins.
Fig. ll/4. Two-dimensional immunoelectrophoresis of a 
normal kidney eluate using a 0.02 M-citrate 
buffer, pH 5*2. The antibody in the second 
dimension gel is a sheep antiserum to whole 
human serum proteins.
rop
Fig. 12/4. Two-dimensional immunoelectrophoresis of a diabetic 
kidney eluate using a 0.02 M-citrate buffer, pH 3*2. 
The antibody used in the second dimension gel is a 
rabbit antiserum to ultrasonicated normal 
glomerular basement membrane.
Fig. 13/4. Two-dimensional immunoelectrophoresis of a normal 
kidney eluate, the method similar to above. The 
antibody used in the second dimension gel is a 
rabbit antiserum to ultrasonicated normal 
glomerular basement membrane.
Fig. 14/4. Two-dimensional immunoelectrophoresis of a diabetic 
kidney eluate using a 0.02 M-citrate buffer, pH 3*2. 
The antibody used in the second dimension gel is a 
rabbit antiserum to ultrasonicated diabetic 
glomerular basement membrane.
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Two-dimensional immunoelectrophoresis of a normal 
kidney eluate, the method similar to above. The 
antibody used in the second dimension gel is a 
rabbit antiserum to ultrasonicated diabetic 
glomerular basement membrane.
DISCUSSION
The diabetic kidney has been thoroughly investigated for 
the presence of antibody to various antigens (Burkholder, 1965;
Gallo, 1970; Davies, Woolf & Carstairs, 1966). The ideal tissue 
to use would be fresh snap frozen, but this is hard to obtain from 
diabetic patients. Using post-mortem tissue results in many 
difficulties due to the time interval between death and snap freezing 
the tissue. The kidney is an organ where autolysis takes place at 
an extremely fast rate and direct immunofluorescence on post-mortem 
tissue, therefore, can produce results which are difficult to 
interpret. The fluorescence may be due to the specific antigen or 
due to a change in the protein structure of the tissue as a result of 
autolysis. The results shown in Table l/4 indicate that diabetic and 
normal kidneys obtained from persons aged above sixty all have a 
linear deposition of immunoglobulin around the glomerulus and on the 
inter-tubular connective tissue. The kidney sections treated with 
phosphate buffered saline alone also fluoresced (Fig. 16/4). This shows 
that the basement membrane material itself has an inherent fluorescence. 
When these sections are looked at using a 475 nm cut off filter on the 
primary side of the fluorescence microscope (Fig. 17/4) some of the 
fluorescence remained and the fluorescence due to the conjugate itself is 
greatly diminished. Whether the effect was due to morphological changes 
in post-mortem tissue was investigated. Twelve kidney biopsies from 
generalised renal diseases were investigated by treatment with 
phosphate buffered saline alone. Eleven of these kidneys were 
negative; however, one specimen showed identical results to that 
obtained above, namely, the use of the K475 filter eliminated the
Pig. 16/4. Kidney section from a kidney showing no macroscopic 
evidence of diabetic involvement or history of 
diabetes. The section has been treated with phosphate 
buffered saline alone * i.e. no Fluoroscein conjugates 
at all.
Pig. 17/4. Same section as above after adding a 475 nm cut off 
filter in addition to the FITC5 primary filter. The 
cut off filter absorbs all wavelengths up to 475 nm, 
allowing the PITC activating wavelength to pass 
through (495 nm).
fluorescence after the section had been treated with conjugated 
antisera to human immunoglobulin. This shows that this inherent 
fluorescence present in fresh tissue as well as post-mortem tissue 
can lead to misinterpretation of biopsy material. The 475 nm cut off 
filter absorbs all wavelengths of light up to 475 nm and since FITC 
is activated by light of 495 nm, true fluorescence due to FITC- 
antibody deposition is unaffected.
The sera from diabetic patients which had been investigated 
for the presence of a cell-mediated response to basement membrane 
were investigated by the indirect method of immunofluorescence. No 
antibodies were detected in all the diabetic sera investigated 
(Table 2/4). This would indicate the absence of antibody to basement 
membrane. It has been suggested that patients with Goodpasture's 
syndrome do not have antibody to basement membrane present in their 
sera because the affinity of the antibody to the basement membrane is 
so great that it is firmly bound. This, however, has not been 
apparent in a recent case of Goodpasture's syndrome (Eisinger, 1973) 
where antibody to basement membrane has been detected by immuno­
fluorescence .
In 1972, Westberg and Michael published a paper describing the 
elution of antibody from diabetic kidney and concluded that since it 
would not react with diabetic basement membrane, it must be present 
as a passive rather than an active process. These experiments were 
repeated (Fig. 9/^) and the same conclusion was reached. When, 
however, a normal and a diabetic kidney were processed, taking care 
to remove any exogenous protein by repeated washing and centrifugation 
in phosphate buffered saline, no evidence for the presence of immuno­
globulin was detected. This would indicate that the immunoglobulin
eluted from diabetic kidney may normally be present in interstitial 
tissue and may be removed by thorough washing. The immuno­
fluorescence results could be due to an inherent auto fluorescence 
of aging basement membrane which may be negated using a K475 filter 
on the primary side of a fluorescence microscope (Cormane, Szabo & 
Hauge, 1970).
These results stress the importance of controls and 
interpretation in immunofluorescence.
CHAPTER V
CELL MEDIATED IMMUNITY (DELAYED TYPE) 
AND DIABETES MELLITUS
INTRODUCTION
In vitro Tests of Cell Mediated Immunity
A variety of tests for the in vitro detection of cell- 
mediated immunity by the use of cell suspensions have been devised. 
These tests include observations on the change induced by the specific 
sensitising antigen on the lymphoid cells, such as blastogenesis, 
stimulation of cell proliferation (Lawrence, 1968) and macrophage 
aggregation (Seah, 1970).
The test that has received the most thorough investigation 
is the inhibition of lymphocyte migration described by Rich and 
Lewis (1932). Explants of spleen and lymph node cells from tuberculin 
sensitive guinea pigs were placed in plasma clot cultures and 
incubated in vitro. Marked migration of mononuclear cells, mainly 
macrophages, was observed after 24 hours of incubation. If old 
tuberculin is added to a culture of leucocytes derived from a fibrin 
clot of tuberculin sensitive guinea pigs, marked inhibition of 
migration of mononuclear cells takes place. Interest in the inhibition 
of macrophage migration was stimulated when it was found that these 
cells collected in the lesions of tuberculous animals (Rich, 1946).
The fragment culture of Rich and Lewis (1932), where fragments 
of spleen or lymph nodes from guinea pigs were incubated in plasma 
clot cultures has been virtually replaced by the capillary tube 
modification first introduced by George and Vaughan (1962). This 
modification was as follows. Oil-induced peritoneal exudate cells 
were mixed with varying concentrations of antigen in Eagles medium 
containing 15% normal guinea pig serum. Capillary tubes were filled
with this cell suspension, one end was sealed with soft paraffin 
and the tubes centrifuged. The capillary tubes were broken at the 
interface of the cell-pellet and fluid and the portion containing 
the cells was placed on the bottom of migration chambers. Some of 
the chambers were filled with culture fluid containing antigen, whereas 
others were filled with culture fluid alone. The chambers were sealed 
and incubated for 24-48 hours. The control cells migrated out of the 
capillary tubes in a lacy fan-like pattern, whereas the inhibited 
cells appeared as a dense clump.with a smooth, clearly defined border. 
There was no close correlation between the diameter of skin reaction 
and the in vitro degree of inhibition of migration (George & Vaughan, 
1962; David, Al-Askari, Lawrence & Thomas, 1964).
In studies designed to investigate the effect of sensitive 
normal cells in the presence of antigen, David, Lawrence and Thomas 
(1964) found that when cells taken from animals displaying immediate 
hypersensitivity, which were not inhibited in their migration by 
antigen, were mixed with as little as 2.5$ sensitive cells, a marked 
inhibition occurred. The leucocytes used were from syngeneic guinea 
pigs.
The cells which migrate out of the tubes have been investigated 
by Carpenter (1963)* who performed a detailed microscopic examination 
of the cell types migrating from explants. The initial cells that 
migrated out of the explants after 18-24 hours of culture were the 
polymorphonuclear leucocytes and small mononuclear cells resembling 
lymphocytes. On the fourth day, the commonest cell seen was the 
large mononuclear cell. Bloom and Bennett (1966) have reported 
studies on the cell type which was responsible for the migration- 
inhibition reaction. Purified populations of lymphocytes and
macrophages were prepared in tissue culture. Peritoneal 
macrophages containing less than 0.5$ lymphocytes from sensitive 
animals were not inhibited by specific antigen. However, when as 
little as 0.6$ lymphocytes from peritoneal exudates of a sensitised 
animal was added to the macrophages from normal non-sensitised 
animals, migration was inhibited. Furthermore, the migration of 
purified macrophages from sensitive animals was not inhibited at all. 
The in vitro inhibition of migration obviously requires more than 
one cell type. Clausen (1970) found that the antigen-induced 
inhibition of cell migration occurs only when the tested cell 
population contains both lymphocytes and cells with phagocytic 
properties. This subject has been further investigated by Jimenez 
and Bloom (1972) who confirmed the work of Talmage, Radovich and 
Hemmingsen (1970) who demonstrated the need for cell interaction in 
the development of at least some antibody responses. These studies 
clearly demonstrated that the participation of three types of cells 
are required; One, glass-adherent cell, possibly a macrophage; 
and two non-adherent cells. It has been suggested that these two 
latter cells are lymphocytes, one originating in the thymus 
(T. lymphocyte) and the other in the bone marrow (B lymphocyte). 
(Mosier, Fitch, Rowley & Davies, 1970). The activity of glass- 
adherent cell depleted populations was diminished in most experiments 
(Jimenez & Bloom, 1972). In the case of human lymphocytes, 
reconstitution of activity could generally be obtained by adding 
purified glass-adherent cells to impurified lymphocytes. However, 
while it is clear that the majority of cells which adhere to glass 
and other surfaces are monocytes or macrophages, a class of 
lymphocytes bearing complement receptors has been shown to adhere
firmly to glass (Bianco, Patrick & Nussenzweig, 1970). It would 
appear, therefore, that there is strong evidence that three types of 
cells are required for the in vitro inhibition of cell migration to 
take place. The first cell, being a glass-adherent cell, is either 
a macrophage and/or a lymphocyte bearing a complement receptor while 
the second and third cells are probably B and T lymphocytes. Cheers 
and Sprent (1973) demonstrated that in the mouse, little or no 
difference exists in the capacity of T or B lymphocytes to stimulate 
a mixed lymphocytic reaction and that the T-cell is not the 
obligatory stimulator for lymphocyte proliferation. This finding 
is consistent with reports that cells other than T-cells, i.e. 
epidermal cells (Main, Cochrum, Jones & Kountz, 1971) and fibroblasts 
(Lohmann-Matthes & Fischer, 1972) provide an effective stimulus to 
allogeneic lymphocytes in culture.
Suppression of in vitro Cell Mediated Immunity by Inhibition of 
Protein Synthesis
The sensitive cells from the migration inhibition system 
appear to be engaged in active protein synthesis in order to mediate 
inhibition of migration in the presence of antigen. Studies have 
shown that the addition of puromycin, which inhibits protein synthesis 
by the premature release of partially formed peptides from ribosomes, 
to the culture, prevented inhibition of the migration (David, 1965). 
Similarly, Actinomycin-D, which suppresses DNA-dependent RNA 
synthesis, had a similar effect. Mitomycin-C, which cross links DNA 
and blocks the synthesis of DNA, RNA and protein, also prevents 
inhibition of migration of sensitised peritoneal exudate cells (Bloom
& Bennett, 1966). It would appear, therefore, that the cells require 
an intact protein-synthesising mechanism to induce inhibition of 
migration.
It has been demonstrated that lymphoid cells from sensitised 
animals, on stimulation with specific antigen, act by producing 
soluble materials which inhibit the migration of normal lymphoid cells. 
This dialysable material has been called migration inhibitory factor 
and has been reported to have a molecular weight of 3*500 daltons 
(Stastney & Ziff, 1970).
Cell-mediated Immunity and Auto-immune Disease
Applications of the migration-inhibition technique to studies 
of auto-immunity include experimental allergic encephalitis (Rauch, 
Ferraresi, Raffel & Einstein, 1969)* delayed hypersensitivity 
Addisonianism (Nerup, Anderson & Bendixen, 1970), glomerulonephritis 
(Mahieu, Dardenne & Bach, 1972), anti-pancreatic cellular hyper­
sensitivity in diabetic patients (Nerup, Anderson, Bendixen, Egeberg 
& Poulsen, 1971) and anti-mitochondrial antigens in diabetic subjects 
(Richens, Ancill, Gough & Hartog, 1973)*
Lymphoid cells from animals with experimental allergic 
encephalitis are inhibited from migrating either by crude extracts 
of myelinated tissue or by a purified basic encephalogenic protein. 
Leucocytes from patients having idiopathic Addison's disease were 
demonstrated recently to exhibit inhibition when presented with organ- 
specific antigens contained in mitochondrial fraction of normal, foetal 
or benign hyperplastic adrenocortical cells of human origin. Cell- 
mediated immunity was evaluated in 83 patients presenting with either
glomerulonephritis with linear deposits or glomerulonephritis 
with granular deposits. Fifty per cent of patients showed a 
positive reaction when tested with glomerular tubular antigen 
(Mahieu, Dardenne & Bach, 1972). Nerup, Anderson, Bendixen,
Egeberg and Poulsen investigated twenty-two diabetics employing 
the leucocyte migration inhibition test. The antigen used was a 
fraction prepared from pooled porcine pancreas in which atrophy of 
the exocrine tissue had been induced by ligation of the pancreatic 
duct. The diabetic leucocytes showed an in vitro inhibition when 
exposed to subcellular organelles and/or particles of organelles 
obtained at 104,000 x g for sixty minutes. This was a fraction of 
a sucrose extract of porcine pancreas, but not collagen.
Leucocytes from forty-seven diabetic patients were examined for 
their reactivity against rat liver mitochondria by the leucocyte 
migration inhibition test (Richens, Ancill, Gough & Hartog, 1973)* 
Inhibition was demonstrated in 72$ of insulin dependent diabetics 
and 46$ of non-insulin dependent diabetics compared with 11$ in the 
control group of normal subjects. This finding of cellular hyper­
sensitivity to mitochondria in diabetes has been suggested in support 
of the hypothesis that this disease is related to other conditions 
considered to be of auto-immune origin (Nerup & Bendixen, 1969).
Accordingly, leucocytes from diabetic patients have been 
investigated in the present work for in vitro reactivity to glomerular 
basement membrane from both normal and diabetic kidneys using the 
leucocyte migration inhibition test. The results have been matched, 
for age and sex, with a normal population.
MATERIALS
Chemicals
Silicone stopcock grease (Edwards Hi Vacuum Ltd.); 
phytohaemagglutinin, purified dried (Wellcome Reagents Ltd.); 
tissue culture medium 199 with sodium bicarbonate and antibiotics; 
horse serum 3 inactivated (Wellcome Reagents Ltd.); mucous 
Heparin B.P. 1000 units/ml, no preservative.
Reagents
Hank's balanced salt solution; 10$ horse serum in tissue 
culture medium 199; stock phytohaemagglutinin consisting of 1 mg/ml 
0.85$ NaCl; working phytohaemagglutinin consisting of 1:20 
dilution of the stock i.e. 2.5 pg/0.05 ml.
Apparatus
Gillette scimitar syringes, 20 ml; 0.5 ml capacity culture 
chambers (Sterilin Ltd.); round cover slips, 1.5 cm diameter (Chance) 
glass capillary tubes, bore 1 x 75 mm; projection microscope; 
planimeter, fixed index pattern, metric scales with a fixed length 
tracer arm (l revolution of measuring wheel equivalent to 100 cm ).
Patients
Diabetic patients were divided into six groups dependent on
age and type of treatment.
The first group comprised the insulin dependent diabetics, 
of mean age 43 years, range 17-73 years. The second group comprised 
diabetics treated with the sulphonyl ureas, whose mean age was 60 
years, range 47-77 years; the third group comprised diabetics 
controlled on diet alone, some patients being treated with metformin 
or phenformin in addition to diet, mean age being 50 years, range 
50-73 years. The diabetic subjects were also grouped with age and 
sex matched normal controls, into three age groups, 0-30 years,
31-45 years and 46 years and over.
METHODS
Leucocyte Migration Inhibition Test
This method was performed essentially according to the 
technique of S/borg and Bendixen (S/borg & Bendixen, 1967;
S/borg, 1971 t>)« Heparinised venous blood (50 ml) was collected, 
transferred to 10 ml plastic tubes and allowed to sediment for about 
one hour at 57°C. In some cases the red cells sediment quickly and 
the white cell-rich supernatant should be removed within the hour.
The cell-rich plasma was aspirated and centrifuged at 225 x g for 
five minutes. The plasma was removed and the white cells resuspended 
in 5 ml Hank’s balanced salt solution, centrifuged, and the cell 
pellet washed twice more. The cell population consisted of 20-40$ 
mononuclear cells and 60-80$ granulocytes. After the washing 
procedure, the cells were resuspended in tissue culture medium 
199 containing 10$ inactivated horse serum. The suspended cells 
were drawn into 75 mm x 1 mm capillary tubes, the ends of which 
had been sealed using Cristaseal (Hawksley). Usually twenty 
tubes are obtained from a 50 ml blood sample. The sealed capillary 
tubes were centrifuged at 225 x g for ten minutes and each tube was 
cut 0.5 mm below the cell/fluid interface. Immediately, the cell- 
containing part of the tube was placed in a culture chamber of 0.5 ml 
capacity and fixed in position on the bottom of each chamber using 
silicone grease. The kidney basement membrane antigen was added to 
the chamber in a 0.05 ml volume, taking care to position the drop in 
the same place in each chamber. 0.05 ml of saline was added to the 
control chambers. The chambers were then filled with tissue culture
medium 199 containing 10$ horse serum by forceful expulsion on top
of the drop, which ensured mixing. A cover slip was placed on top
and pressed so that it was held by surface tension and the chambers
o
were then placed in a humid atmosphere at 57 C. for 24 hours. At 
the end of the incubation period, the area of migration was mapped 
using a projection microscope (Plan lx objective) and the area 
measured by planimetry. The migration index was calculated by 
dividing the mean of the chambers containing antigen by the mean of 
control chambers. The value of the normal migration index was 
therefore 1.0. A change of 20$ was taken to be significant, i.e. a 
migration index less than 0.8 was taken to indicate significant> 
inhibition of migration and greater than 1.2, significant stimulation.
Sterile procedure was carried out as far as possible and 
random sampling of chambers did not show any bacterial growth. 
Siliconisation of the glassware was not used as it did not materially 
affect the results. Blood was collected into glass syringes or 
plastic syringes manufactured by Gillette. It was noteworthy that 
plastic syringes manufactured by Becton & Dickenson affected the cells 
and resulted in a random scatter of triplicates. All cultures were 
set up in triplicate and the results were recorded only if the 
difference between chambers was less than t 10$ (S$borg & Bendixen,
1967).
Preparation of Antigens
Basement membrane antigens were prepared from diabetic and 
normal glomeruli. The glomeruli from two diabetic kidneys above the 
age of sixty years, one showing typical Kimmelstiel-Wilson lesions
and the other showing a diffuse lesion, were combined together.
The glomeruli from two normal kidneys, one aged three years and the 
second aged twenty years, were also combined. Both diabetic and 
normal glomeruli were then subjected to ultrasonic disintegration 
using MSE ultrasonic disintegrator with a ^ inch probe in 0.85$
NaCl. The disintegration was carried out until there were no intact 
glomeruli seen when viewed microscopically. Two concentrations of 
glomeruli were employed in each case, approx. 100 fig and 20 pg per ml 
of culture fluid respectively. This was achieved by adding the protein 
in a 0.05 ml volume. The following concentrations of phyto- 
haemagglutinin were made up: 0.1, 1, 5* 10, 50, 100 pg/ml.
RESULTS
Response to Phytohaemagglutinin Concentration
A number of concentrations were investigated, ranging from 
0.1 pg to 100 pg per ml of culture chamber. The results show 
that the greatest change is obtained with 5 pg/ml of phyto- 
haemagglutinin in both diabetic and normal subjects (Pig. 1/5). 
Increasing the concentration above 5 pg/ml does not confer any 
advantage on the system. These results underline the findings of 
Morison (197^) who investigated the phytohaemagglutinin response 
in normal and sarcoid patients. For all subsequent experiments 
introducing other variables the 5 pg/ml concentration of phyto­
haemagglutinin was used.
Response to Horse Serum
10$ horse serum was added to the culture medium in the 
leucocyte migration inhibition test. The effect of increasing that 
concentration is shown in Table 1/5. The 0$, 25$ and 50$ 
concentrations of horse serum have been compared to controls containing 
only 10$. The resultant index shows a marked reduction in the area 
of migration of the leucocytes from the capillary tubes as serum 
concentration rises. At the higher serum concentration, the cells 
were clumped and unevenly spread, this effect being more marked in 
the 50$ concentration when compared with the 25$ concentration. This 
result, coupled with the reduction in accuracy as the area of 
migration falls, would indicate that 10$ horse serum is the most
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FIG. 1/5 The effect of increasing phytohaemagglutinin (PHA) 
concentration on diabetic ^nd normal leucocytes 
in the leucocyte migration inhibition test.
The effect on increasing the concentration of horse 
serum in the leucocyte migration inhibition test.
Horse serum ($>): 0 10 25 50
Migration Index:
Normal 0.58 1.05 0.74 0.51
Diabetic 0.45 0.98 0.70 0.45
TABLE 1/5.
suitable concentration for this test.
Effect of Increasing the Number of Washes
After the white cells are separated from the blood, they are 
washed in Hank’s balanced salt solution in order to remove traces 
of serum. Three washes have been considered adequate (S/borg & 
Bendixen, 19^7) but this does not remove all traces of serum. Six 
washes were tried on two diabetic and two control subjects. The 
area of migration up to three washes remained the same but thereafter 
the area of migration decreased with each subsequent wash. Since a 
reduction in the leucocyte migration area decreases the accuracy of 
the test, it was decided to employ three washes in the procedure.
Antigen Concentration
The concentration of antigen used in the test is extremely 
critical. A high concentration of antigen may result in a toxic 
effect which could be interpreted as an inhibition of migration due . 
to an in vitro cell-mediated response. In an attempt to investigate 
this possibility, the leucocytes from ten diabetic and ten normal 
individuals were subjected to concentrations of ultrasonic 
disintegrated glomerular basement membrane ranging from 0.2 - 1000 
pg/ml culture chamber.
The data in Fig. 2/5 demonstrates that for concentrations 
below 100 pg/ml, the diabetic subjects are grouped around a 
migration index of 1.0, that is where there is no inhibition of 
migration as previously stated. At higher concentrations, the
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FIG. 2/5 Comparison of the response from normal and diabetic 
subjects to increasing antigen concentrations in the 
leucocyte migration inhibition test.
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to
diabetic leucocytes are inhibited by the diabetic glomerular 
basement membrane antigen* i.e. at 200 pg/ml and by both diabetic 
glomerular basement membrane and normal glomerular basement 
membrane antigen at the 1000 pg/ml concentration. The leucocyte 
migration areas of antigen concentrations above 100 pg/ml were 
difficult to establish due to gross clumping of the cells at the 
periphery of the migration area.
In the case of normal subjects* maximum inhibition was 
achieved at 1000 pg/ml of both normal and diabetic antigens. As 
levels of antigen above 100 pg/ml obviously produce a toxic effect 
on the leucocytes* it was decided to use two concentrations of 
antigen* approximately 100 and 20 pg/ml of culture medium 
respectively for both normal and diabetic antigen.
The Effect of Basement Membrane Antigen on Diabetic and Normal 
Subjects
Leucocytes from diabetic patients were subjected to the 
leucocyte migration inhibition test using the following antigens. 
Diabetic glomerular basement membrane was used at two concentrations 
of antigens* 110 pg/ml and 22 pg/ml. Normal glomerular basement 
membrane was also used at two concentrations* 120 pg/ml and 24 
pg/ml. Leucocytes from diabetic and normal subjects were also 
compared according to their reaction to phytohaemagglutinin at 
a concentration of 5 pg/ml culture chamber. The results were 
expressed as follows. Diabetics were grouped according to their 
treatment using diabetic glomerular basement membrane as the antigen 
(Fig. 5/5 and Fig. 4/5) and normal glomerular basement membrane as
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FIG. 3 /5  Leucocyte migration inhibition test of diabetic and normal 
subjects challenged with ultrasonic disintegrated didbetic 
glomerular basement membrane at a concentration of 
110 pg/ml culture media.
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FIG. 4 /5  Leucocyte migration inhibition test of diabetic and normal 
subjects challenged with 22 pg/ml culture media, 
ultrason-ic disintegrated diabetic glomerular basement membrane.
the antigen (Fig. 5/5 and Fig. 6/5). The diabetics were also 
grouped according to age with sex and age matched normal subjects 
using diabetic glomerular basement membrane as the antigen (Fig. 7/5 
and Fig. 8/5) and normal glomerular basement membrane as the 
antigen (Fig. 9/5 and Fig. 10/5).
A comparison was also made of the phytohaemagglutinin 
response of diabetics according to treatment (Fig. 11/5) and age 
(Fig. 12/5).
As can be seen in Fig. 5/5 the results are all grouped around 
the migration index of 0.90. Taking a level of significance of less 
than 0.8 as an inhibition of migration (S/borg & Bendixen* 1967)* 
there were only three insulin dependent diabetics with an index 
below 0.8* three treated with chlorpropamide* two on diet and nine 
normals. Fig. 4/5 shows essentially the same result* the means all 
grouped around 0.94 with only a few patients and normals showing a 
significant inhibition of migration. It may be seen from Figs. 5/5 
and 6/5 that there is also no significant inhibition of migration 
when using normal glomerular basement membrane as the antigen.
Figs. 7/5 and 8/5 evaluate the leucocyte response to diabetic 
glomerular basement membrane grouped in terms of age. Significant 
inhibition is not found in any of the age groups when using the two 
concentrations of diabetic antigen. The results shown in Figs. 9/5 
and 10/5 demonstrate some stimulation to normal glomerular basement 
membrane in the younger age group of diabetics which indicates a 
sensitisation to the antigen (S/borg, 1967; Smith* Eddleston & 
Williams* 1971; Richens* Ancill* Gough & Hartog* 1975). However* 
there is no inhibition by normal glomerular basement membrane 
antigen showing strong sensitisation of the diabetic group.
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FIG. 5/5 Leucocyte migration inhibition test of diabetic and normal
subjects challenged with normal glomerular basement membrane 
at a concentration of 120 pg/ml culture media.
Data grouped according to type of treatment.
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FIG. 6 /5  Leucocyte migration inhibition test of diabetic and normal
subjects challenged with normal glomerular basement membrane 
at a concentration of 24 pg/ml culture media.
Data grouped according to type of treatment.
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FIG. 7/5, Leucocyte migration inhibition test of diabetic and normal
subje-cts challenged with diabetic glomerular basement membrane 
at a concentration of 110 pg/ml culture media.
Data grouped according to age.
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FIG. 8 /5  Leucocyte migration inhibition test of diabetic and normal
subjects challenged with diabetic glomerular basement membrane 
at a concentration of 22 pg/ml culture media.
Data grouped according to age.
Mi
gr
at
io
n 
In
de
x.
CO
OO
OO
0*9 00
0-8
0-7
0-6
0-5
0-4
0*3
0-2
0 31 45yrs.30yrs. 46yrs.andover
Mean ±  S.E.M 1-08*007 1-00*0-04 0-96*003 0*99*002 0-97*003
O normal 
o diabetic
S.E.M =  standard error of the mean.
FIG. 9 /5  Leucocyte migration inhibition test of diabetic and normal
subjects challenged with normal glomerular basement membrane 
at a concentration of 120 pg/ml culture media.
Data grouped according to age.
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FIG. 10/5 Leucocyte migration inhibition test of diabetic, and normal
.— subjects challenged with normal glomerular basement membrane 
~r' at a concentration of 24 pg/ml culture media.
Data grouped according to age.
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FIG. 11/5 Leucocyte migration inhibition test of diabetic 
subjects challenged with phytohaemagglutinin at 
concentration of 5 pg/ml culture ..media.
Data grouped according to type of treatment.
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FIG. 12/5 Leucocyte.migration inhibition test of diabetic and normal 
subjects challenged with phytohaemagglutinin at a 
concentration of 5 pg/ml culture media.
Data grouped according to age.
Figs. 11/5 and 12/5 show the diabetic and normal response 
to the mitogen phytohaemagglutinin. The response of diabetics 
grouped by treatment shows no difference from the normals (Fig. 
11/5); similarly, the groups according to age show no significant 
difference (Fig. 12/5).
DISCUSSION
The leucocyte migration inhibition test, first introduced 
in its present form by Gordon and Vaughan in 1962, has been shown 
to be a fairly good index of in vitro cell mediated immunity.
However, in order that a meaningful interpretation of the result 
may be obtained, there are many variables that have to be overcome.
The antigens used in the present study were ultrasonic 
disintegrated normal and pathologic glomeruli. The elucidation of 
the effect on the level of migration in the test by soluble or 
insoluble antigens has been established by S/borg (1971 a), who 
found no difference in the effect on migration between soluble or 
insoluble antigens. On the basis of the results of this worker, 
ultrasonic disintegrated glomeruli were used, since antigen 
solubility implies that some residual insoluble material may remain 
which could itself be the antigenic component.
In 1968, S/borg performed migration studies on the leucocytes 
of patients with Brucellin positive skin tests using Brucella antigen. 
At high concentrations of antigen, marked inhibition of migration was 
found in the strongly sensitised group. At low concentrations of 
antigen, stimulation of migration was found in the group which was 
weakly sensitised. If a single concentration of antigen is employed 
in the test system, a migration index of 1.0 might represent a point 
at which there was truly no reaction, but could equally be taken to 
be the transition from inhibition to stimulation (Smith, Eddleston & 
Williams, 1971)• This equivocal situation was clarified in the present 
study by using two antigen concentrations so that a weakly sensitised 
group could be detected.
The use of a mitogen, such as phytohaemagglutinin, can also 
supply additional information concerning the immunological competence 
of an individual (Morison, 1974). Although the mechanism of action 
of phytohaemagglutinin on lymphocytes is not fully understood, 
nevertheless its use in the lymphocyte transformation test is well 
established. The concentration of phytohaemagglutinin in the 
system (Fig. 1/5) shows that inhibition is greatest with the 5 pg/ml 
culture media for both diabetic and normal subjects. Sufficient 
data has now been accumulated to suggest an increasing diminution 
of immune functions with age (Gatti & Good, 1970). In 1957 >
Giannini and Sloan studied the delayed hypersensitivity reaction 
in healthy human subjects ranging from youth to old age. These 
authors noted a decrease in the number of results that were positive 
to purified protein derivative of tuberculin (PPD) with increasing age. 
Pisciotta and his associates added support to these earlier findings 
with their observations that decreasing lymphoblastic response of 
peripheral lymphocytes to phytohaemagglutinin stimulation occurred 
as age increased. The findings shown in Fig. 12/5 indicate that there 
does not appear to be a decrease in the phytohaemagglutinin response 
with increasing age, under the conditions of this test, in the normal 
group or the diabetic group. When the diabetic subjects are 
classified in terms of treatment, the phytohaemagglutinin response 
appears to be greater in those patients who are treated by the 
sulphonyl ureas (0.25 £ 0.05) in contrast to those patients who are 
treated with insulin (0.55 - 0.04) or are controlled by diet.alone 
(0.41 £ 0.04).
The present studies show that the concentration of antigen 
used in the leucocyte migration inhibition test is critical, being
that level which will produce a true non-toxic result. Under the 
conditions of this test previously cited, it is easy to misinterpret 
a toxic effect as a true inhibition of migration. The criteria 
that have been laid down in the studies presented here are that if 
a change of migration takes place it must do so when compared with 
normal cells under identical conditions, also that the normal cells 
with antigen should not appear significantly different from the 
control cells. In other words, a clear cut area of migration is 
observed.
An antigen titration was carried out (Fig. 2/5) and levels 
of antigen above 100 pg/ml culture media produced an uneven area 
of migration and inhibited the cells in both normal and diabetic 
subjects. The level at which no toxic effect could be detected was 
100 pg/ml and this approximate concentration was used throughout 
these studies. This concentration of antigen was similar to that 
used for the detection of a cell-mediated response to porcine 
pancreas (Nerup, Anderson, Bendixen, Egeberg & Poulsen, 1971) and 
rat liver mitochondria (Hichens, Ancill, Gough & Hartog, 1973) in 
diabetic subjects. Mahieu, Dardenne and Bach (1972) studied cell 
mediated immunity in human subjects with renal diseases using levels 
of antigen as high as 2000 pg/ml culture media. They reported that 
there was a proportionality between the migration index and the 
antigen concentration. It should also be mentioned that the six 
controls used by the above authors in their experiments were carried 
out in the absence of antigen. '
Leucocytes of diabetic subjects in the presence of 110 and 22 
pg/ml culture media (Figs. 5/5 and 4/5) show no significant 
inhibition when compared with the normal group. This would indicate
that diabetic basement membrane does not produce inhibition of 
migration of leucocytes. On the whole, when leucocytes from 
diabetic patients are subjected to normal glomerular basement 
membrane, no inhibition of migration is obtained but some slight 
stimulation takes place in the younger age group. This would 
indicate a weak sensitivity to normal glomerular basement membrane 
(Sj/borg, 1967; Smith, Eddleston & Williams, 1971; Richens, Ancill, 
Gough & Hartog, 1973)*
In conclusion, it would appear that leucocytes from diabetic 
subjects do not exhibit an in vitro cell-mediated response to 
diabetic or normal glomerular basement membrane.
CHAPTER VI
IMMUNOLOGICAL DIFFERENCES BETWEEN DIABETIC AND
NORMAL GLOMERULAR BASEMENT MEMBRANE
INTRODUCTION
A number of procedures have been introduced to solubilise 
glomerular basement membrane. These procedures include reduction 
of disulphide bonds in the presence or absence of urea (Kefalides, 
1972), proteolytic digestion with enzymes (Huang & Kalant, 1968; 
Kefalides, 1972; Marquardt, Wilson & Dixon, 1975 t>)* the use of 
detergents in the presence of mercaptoethanol (Hudson & Spiro,
1972 a; Myers & Bartlett, 1972). Each of these procedures has been 
used on isolated glomeruli from dog, rat and bovine kidneys with 
varying amounts of solubilisation. Characterisation of the 
solubilised components have included gel chromatography, ion exchange 
chromatography and recently affinity chromatography (Mahieu & Winand, 
1975)* Identification of the separated components has been elicited 
using immuno-diffusion (Huang & Kalant, 1968) and polyacrylamide 
disc electrophoresis (Hudson & Spiro, 1972 a; Myers & Bartlett,
1972; Mahieu & Winand, 1975; Marquardt, Wilson & Dixon, 1975 a)*
The present work concerns the investigation of the 
immunological differences between diabetic and normal glomerular 
basement membrane. A comparison of the two methods of solubilisation 
was made and the results also compared immunologically.
MATERIALS
Chemicals
Collagenase - Sigma, type I, from C. Histolyticum;
Tris (hydroxymethyl)aminomethane; thymol; 2-mercaptoethanol; 
iodoacetic acid; dithiothreitol; CNBr activated Sepharose 4B 
(Pharmacia); glutaraldehyde; Noble agar; agarose (Paines &
Byrne Ltd.); sodium'dodecyl sulphate; Cyanogum 4l (B.D.H. Ltd.); 
ammonium persulphate; N,N,N,N,-Tetramethylethylenediamine.
Reagents
0.1 M-Tris (hydroxymethyl)aminomethane/acetate buffer pH 7*4 
containing 0.005 M-calcium acetate; 0.5 M-Tris (hydroxymethyl)amino- 
methane/chloride buffer pH 8.5 containing 8 M-urea; 0.1 M-sodium 
phosphate buffer pH 7*0; 0.1 M-borate buffer pH 8.2 containing
0.5 M-NaCl; 1 M-ethanolamine; 0.1 M-acetate buffer pH 4.0 containing 
0.5 M-NaCl; 0.2 M-glycine/HCl buffer pH 2.8 containing 0.5 M-NaCl; 
0.01 M-phosphate buffer pH 7*1 containing 0.5 M-NaCl; 0.1 M-borate 
buffer pH 9*5 containing 0.5 M-NaCl; '1.5$ agarose in 0.85$ NaCl 
containing 1$ sodium azide; 1.5$ Noble agar in barbitone buffer 
(10.6 gm sodium barbitone + 16.0 ml 1 M-HC1 to 1 litre, pH 8.2);
0.06 M-barbitone buffer pH 8.6 (1.84 gm diethyl barbituric acid +
10.5 gm barbitone sodium per litre); 2$ agarose in 0.05 M-barbitone 
buffer pH 8.6; 0.2$ Naphthalene black 10 B in methanol/acetic acid/
water (5:1:5 v/v); methanol/acetic acid/water, wash solution 
(5:1:5!v/v); 0.1 M-phosphate buffer pH 7*4 containing 0.1$ sodium
dodecyl sulphate (7*91 gm KH^PO^ + 3^ .08 gm Na^HPO^ + 5 gm sodium 
dodecyl sulphate in 5 litres); 0.2$ Coomassie blue in methanol/ 
acetic acid/water, (5:1:5 v/v); 20$ methanol in 7$ acetic acid.
METHODS
Glomerular Solubilisation Procedures
Solubilisation of normal and, diabetic glomeruli using; collagenase 
(Spiro, 1967 a). Freeze dried glomeruli were suspended in 0.1 M-Tris/ 
acetate buffer pH 7*4 containing 0.005 M-calcium acetate at a 
concentration of 25 mg/ml. The incubation mixture was pre-warmed 
at 57°C. Collagenase was added to the incubation mixture at 0.7$ 
of the weight of the glomeruli used. The incubation mixture was kept 
at 57°C with constant mixing and solubilisation was carried out for 
a total of 120 hours. Collagenase was-added on days 2, 5* 4 con­
centrations equivalent to 0.55* 0.1, 0.1$ respectively of the weight 
of the glomeruli used. At completion of the solubilisation the 
mixture was centrifuged at 2,400 x g for 50 minutes at room 
temperature. The clear collagenase solubilised supernatant was then 
stored at -20°C for use. Greater than 20$ solubilisation of diabetic 
and normal human glomeruli could not be achieved.
Solubilisation of normal and diabetic glomeruli using reduction and 
alkylation (Hudson & Spiro, 1972 a). Freeze dried glomeruli were 
suspended in 0.5 M-Tris/chloride, pH 8.5* containing 8 M-urea, to 
give a concentration of 4 mg/ml. The glomeruli were left for 0.75 
hours in the buffer to allow complete hydration. The glomerular 
suspensions were then ultrasonically disintegrated using a probe 
(M.S.E. disintegrator 150 watts). The amplitude was set to maximum 
gain and ultrasonic disintegration was carried out for 1 minute bursts 
with 1 minute cooling between each ultrasonic treatment. The 
temperature of the suspension was kept at ambient temperature to 
prevent denaturation of the proteins. Ultrasonic disintegration was
repeated until no microscopic evidence of intact glomeruli was 
visible.
The normal glomeruli required 4 minutes of ultra-sound whereas 
the diabetic glomeruli required up to 10 minutes of ultra-sound.
The glomeruli were shaken for 1 hour at room temperature 
20 - 25°C) under a nitrogen atmosphere. After that period of time 
a 150-fold molar excess (relative to the half cystine content) of 
2-mercaptoethanol was added and the shaking at room temperature under 
nitrogen was continued for 12 hours. A second addition of 2- 
mercaptoethanol was then made, equivalent to a 75-fold molar excess, 
and the shaking continued. At the completion of a total reduction 
period of 24 hours, the membrane was carboxymethylated with 
recrystallised iodoacetic acid at a molar ratio to 2-mercaptoethanol 
of 2:1 by the addition of 1.5 M-iodoacetic acid in 8 M-urea, 0.5 M- 
Tris/chloride buffer, pH 8.5. Carboxymethylation was performed under 
a stream of nitrogen for 5 minutes, during which time the pH was 
maintained at 8.5 by the addition of 10 M-NaOH, with constant stirring. 
The reaction was terminated by the addition of 2-mercaptoethanol (1.2 
times the amount used in the reduction of the protein) to destroy any 
remaining iodoacetate. The pH was again kept at 8.5 by the addition 
of NaOH. The reduced and alkylated material was extensively dialysed 
against 0.1 M-sodium phosphate buffer, pH 7*0, and stored frozen at 
-20°C. On storage, it was found that oxidation took place, therefore 
the material was subjected again to reduction and alkylation by the 
method outlined below.
Reduction and alkylation using dithiothreitol (Charlwood, Pitt-Rivers 
& Schwartz, 1970). Two ml of the above reduced and alkylated material
were dialysed overnight against 500 ml of 0.5 M-Tris/chloride 
buffer, pH 8.5* containing 8 M-urea
To enable the reduction to take place the pH of the medium 
had to be adjusted to 10.0. At the completion of the dialysis an 
amount of glycine was added to the reduced and alkylated material to 
give a final concentration of 0.05 M-. The pH of the solution was 
adjusted to 10.0 using 10 M-NaOH. A 10-fold molar excess (relative 
to the half cystine content) of dithiothreitol was added, mixed and 
left at room temperature (20 - 25°C) for 50 minutes. At the 
completion of the reduction, the pH was adjusted to 8.5 using 5 M-HC1 
followed by the addition of a 2-fold molar excess (relative to 
diothiothreitol) of iodoacetic acid, and left for a further 50 minutes 
at room temperature. At the completion of the carboxymethylation the 
sample was dialysed against 500 ml of 0.5 M-Tris/chloride buffer pH 
8.5* containing 8 M-urea, for 24 hours. After dialysis, the sample 
was centrifuged and the supernatant stored at -20°C.
Solubilisation of normal and diabetic glomeruli using chaotropic 
reagents (Marquardt, Wilson & Dixon, 1975). Freeze dried glomeruli 
were suspended in water at a concentration of 5 mg/ml and pre­
incubated at 57°C for 15 minutes. At zero time, crystalline potassium 
bromide was added to the suspension of the glomeruli to give a final 
concentration of 5*5 M- and incubated at 57°C for 24 hours with 
constant shaking. At completion of the solubilisation the sample was 
centrifuged at 2,400 x g for 15 minutes at 20°C to remove debris, and 
the protein concentration in the supernatant determined by the Waddel 
method. The percentage solubilisation varied from 5-24$ (Table l/6).
The supernatant containing solubilised glomerular components 
was stored at -20°C.
Antisera Production in the Rabbit
Ultrasonically disintegrated diabetic or normal glomerular 
basement membrane (5 mg/ml in physiological saline) was mixed with 
complete Freund’s adjuvant so as to produce an emulsion.
A total of 9 mg of protein solution was found to be required 
for a complete immunisation course. The immunisation procedure was 
carried out in the following manner. On the first day, 1 ml of the 
antigen emulsion in Freund's complete adjuvant was injected intra­
muscularly into each hind limb. Fourteen days later a further 1 ml 
of the antigen emulsion in Freund’s incomplete adjuvant was 
administered to each hind limb. After a further fourteen days the 
previous immunisation procedure was repeated. At the completion of 
forty days a test bleed was carried out and if the antibody levels 
were suitable the animal was bled regularly at monthly intervals. 
Booster doses of membrane antigen (l mg/ml) were given at fortnightly 
intervals.
Insoluble immunoadsorbants using CNBr-protein linked sepharose. One 
gram of the CNBr activated Sepharose 4B was swollen in 1 mM-HCl for 
15 minutes with three changes of the acid. CNBr-activated gels are 
stabilised by the addition of dextran and lactose, which must be 
washed away prior to coupling. Freeze dried normal human plasma (10 m, 
was made up in 5 ml of 0.1 M-borate buffer, pH 8.2, containing 0.5 M- 
NaCl and added to the gel. The gel mixture was rotated end over end 
for 2 hours at room temperature (20 - 25°C). The gel was centrifuged 
and the supernatant removed. Borate buffer 0.1 M- pH 8.2 containing 
0.5 M-NaCl was used for washing the gel so as to remove any unreacted
protein. Any remaining active groups on the gel were blocked by 
treatment with 1 M-ethanolamine at pH 8.0 for 2 hours using end over 
end mixing. Five washing cycles were used to remove non-covalently 
bound protein. Each cycle consisted of a wash by 0.1 M-acetate buffer 
pH 4.0, containing 0.5 M-NaCl, followed by a wash by 0.1 M-borate buffer 
pH 8.2 containing 0.5 M-NaCl. The gel was finally washed with phosphate 
buffered saline (0.01 M-phosphate buffer pH 7*1 containing 0.145 M- 
NaCl). Five ml of antisera to glomerular basement membrane passed 
through a column of 5 ml of gel linked with normal human plasma.
Immunoadsorbents using glutaraldehyde insolubilised proteins 
(Avrameas & Ternynck, 1969). Human normal plasma (250 mg) was 
dissolved in 5 ml of a 0.1 M-phosphate buffer, pH 7*0. One ml of a 
2.5$ aqueous solution of glutaraldehyde was added dropwise while the 
protein solution was being stirred. The gel so formed was allowed to 
stand at room temperature for 5 hours. The insoluble material was 
dispersed in water and separated by centrifugation. The insolubilised 
protein (100 mg) was added to 5 ml of the antisera raised to glomerular 
basement membrane, the mixture was rotated end over end at room 
temperature for 50 minutes, the gel removed by centrifugation and the 
antisera tested for specificity.
Methods for Immunological Analysis
Double immunodiffusion (Ouchterlony, 1958). On to a 50 mm x 50 mm 
glass plate, 4 ml of melted 1.5$ agarose in 0.85$ NaCl containing 1$ 
sodium azide was poured and allowed to set for 1 hour at room 
temperature. Wells (4 mm) were cut in the agarose at 6 mm distances 
between well sides. The centre well was filled with antiserum to the
top surface of the agarose and. the surrounding wells filled in the 
same manner with antigen solutions. The agarose plate was placed in 
a damp chamber for a total period of 5 days at room temperature. At . 
completion, the agarose gel was placed in 0.85$ NaCl containing 0.1$ 
sodium azide for 2 days at room temperature with two changes, to 
remove any unreacted protein. The agarose gel was then placed in 
distilled water for 12 hours to remove the NaCl and azide. Drying of 
the agarose gel was effected by placing on top of the gel a distilled 
water dampened square of Whatman No. 1 filter paper which had been cut 
larger than the size of the gel. This was placed in a 57°C incubator 
to dry for 2 days. The filter paper was removed from the dried gel by 
first wetting with tap water, which allows the filter paper to be 
removed without damaging the dried agarose film. The gel was placed 
in 0.2$ naphthalene black 10 B solution to stain for 10 minutes. The 
excess stain was removed with the methanol/acetic acid/water wash 
solution. The stained slide was allowed to dry at room temperature 
overnight.
Single dimension immunoelectrophoresis (Scheidegger, 1955). Eight ml 
of 1.5$ Noble agar in barbitone buffer was poured onto a glass plate 
85 mm x 85 mm and allowed to set for 1 hour at room temperature. In 
the centre of the plate, 7 equidistant wells were punched using a 2 mm 
diameter circular steel cutter. The wells were filled with the samples 
and electrophoresis was carried out at 10 volts/cm. On completion of 
the electrophoresis, parallel troughs 1.5 mm x 70 mm were cut parallel 
to the electrical flow, equidistant between the wells. The troughs 
were filled with antiserum and the plate developed for 24-48 hours 
in a damp chamber. Washing and staining was the same as for immuno­
diffusion.
Increasing the sensitivity of immuno-diffusion and immuno- 
electrophoresis (Ceska, 1969). After the immuno-diffusion or 
immunoelectrophoresis slide had developed overnight, the antibody- 
containing troughs or wells were filled with an 8$ solution of Dextran 
(Dextran T 150, Pharmacia Ltd., molecular weight 150,000 daltons).
After this solution had entered the gel, the trough was refilled. The 
slides were then incubated at room temperature in a damp chamber for a 
further two days and then subjected to the same procedure as described 
in the immuno-diffusion technique.
Two-dimensional immunoelectrophoresis (Davies, Spurr & Versey, 1971). 
Five ml of 2% agarose in 0.05 M-barbitone buffer was poured onto an 
alcohol washed glass slide 50 mm x 50 mm in size. The gel was allowed 
to set for one hour at room temperature (20 - 25°C). 2 mm wells were
cut, 1.5 cm from the right hand edge. The well was filled with the 
protein solution and electrophoresis carried out at 8 volts/cm for 40 
minutes. The buffer used in the tank was 0.05 M-barbitone buffer, 
pH 8.6. At completion of the electrophoresis, the strip of agarose 
containing the migrated protein (first dimension gel) was cut and 
placed at the bottom edge of a clean glass slide (50 mm x 50 mm).
About 0.1 ml of antiserum was pipetted into 4 ml of agarose which had 
been kept at 56°C and mixed. The - agarose containing antiserum was 
poured onto the rest of the glass slide and allowed to set. Care was 
taken to ensure that the gel surfaces were at the same level. The 
agarose gel was placed in the tank at right angles to the first 
dimension run and electrophoresis was carried out at 1 volt/cm over­
night. The washing and staining procedure then applied was similar 
to that adopted for immuno-diffusion.
A modification was also carried out whereby the second dimension
antibody gel consisted of 5 strips of agarose containing increasing 
amounts of antiserum. The strips were sealed with agarose alone.
Disc electrophoresis containing sodium dodecyl sulphate (Shapiro, 
Vineula & Maizel, 1967). Cyanogum 4l was added to 0.1 M-phosphate 
buffer pH 7*4 containing 0.1$ sodium dodecyl sulphate so as to 
constitute a 6$ or 7*5$ gel* To 100 ml of the acrylamide solution,
150 mg of ammonium persulphate was added and gently mixed to effect 
dissolution. To this solution 65 pi tetramethylethylenediamine was 
added and again gently mixed. Glass tubes with an internal diameter 
of 8 mm x 70 mm were sealed at one end and were quickly filled with 
the polyacrylamide solution, taking care to ensure that there were 
no air bubbles remaining on the inside glass surface. Distilled 
water was layered on the surface of the polyacrylamide solution and 
left to gel.
When the gel had set, the glass tube was transferred to the 
buffer chambers and the buffer chambers were filled with the 0.1 M- 
phosphate buffer pH 7*4 containing 0.1$ sodium dodecyl sulphate. A 
solution of bromophenol blue in buffer (2 p i )  was layered on the 
surface of the gel, the current switched on at 25 mA/tube and 
allowed to run for approximately 5 hours until the bromophenol blue 
band reached the bottom of the gel. Ammonium persulphate would migrate 
out of the gel under the influence of an electrical field therefore 
this step was included to remove remaining ammonium persulphate. The 
current was switched off and the sample (400 pg protein) was loaded 
onto the gel together with 2 p i  of bromophenol blue as a marker. The 
current was applied and adjusted to 25 mA/gel and electrophoresis 
continued until the bromophenol blue migrated out of the bottom of 
the gel. The polyacrylamide gel was then placed in 0.2$ Coomassie
blue (at least 20 ml per gel) and'allowed to stain overnight. 
De-staining was effected with the methanol/acetic acid/water wash 
solution at a temperature of 60-70°C.
RESULTS
Antisera Purification Using Immunoadsorbants
Glomeruli were isolated from 16 diabetic kidneys which were 
shown histologically to possess lesions pathognomonic of diabetes.
The isolated glomeruli were pooled and subjected to ultrasonic 
disintegration in 0.85$ NaCl until no intact glomeruli were seen 
microscopically. The glomeruli were centrifuged at 2,400 x g for 
50 minutes and an aliquot of the supernatant was kept to assess the 
contamination by human serum proteins. The disintegrated glomeruli 
were resuspended, the protein concentration determined by a modification 
of the Lowry method (Miller, 1959)* and each of three rabbits immunised 
with the appropriate protein concentration.
Glomeruli were also isolated from 8 normal kidneys whose ages 
were below 50 years. Histological investigation gave findings 
consistent with normal tissue. The isolated glomeruli were pooled and 
subjected to ultrasonic disintegration until no microscopic evidence 
of intact glomeruli was seen. The glomeruli were centrifuged at 2,400 
x g for 50 minutes. An aliquot of the supernatant was kept to assess 
contamination by human serum proteins. The protein content was 
determined on the resuspended glomeruli. Three rabbits were each 
immunised with the appropriate concentration of protein.
The supernatants were subjected to the "rocket" technique of 
Laurell (1966) using sheep antibody to normal human plasma proteins.
The standard used was a normal plasma whose protein concentration was 
known. An albumin concentration of 0.1 mg/ml gave a distance of 
migration of 60 mm. When the supernatants of the ultrasonically
disintegrated glomeruli were tested no detectable protein was present 
in either the well walls or the gel itself.
When antibodies raised to diabetic and normal glomerular 
basement membrane were tested for reactivity against normal human 
plasma, it was found that in all cases a greater response occurred 
to plasma proteins than to collagenase solubilised basement membrane.
To be able to produce monospecific antisera three techniques of 
immunoadsorption were attempted, (i) using soluble immunoadsorbants,
(ii) using cyanogen bromide Sepharose linked plasma proteins and
(iii) glutaraldehyde insolubilised plasma proteins.
(i) Soluble immunoadsorbants - freeze dried normal human plasma 
protein was added to the antiserum at a concentration of 1 mg/ml, 
mixed and placed in a 57°C incubator overnight. The antiserum was 
centrifuged at 840 x g for 10 minutes, the supernatant aspirated 
and a further 1 mg/ml of freeze dried normal human plasma protein 
added and placed in a 57°C incubator for 12 hours. The cycle was 
repeated a further time.
The three times adsorbed antiserum was subjected to the 
"rocket" technique and two-dimensional immunoelectrophoresis using 
normal human plasma protein as the antigen. In both cases, traces of 
antibody activity to this antigen was identified.
(ii) Cyanogen bromide Sepharose linked normal plasma protein - for 
this procedure, the y-globulin of the antisera was first precipitated 
using saturated ammonium sulphate. To a volume of antiserum, saturated 
ammonium sulphate was added to make the final concentration of 
ammonium sulphate 55»$* The serum was mixed at room temperature for
15 minutes, followed by centrifugation at 2,400 x g for 15 minutes.
The supernatant was- discarded and the globulin redissolved in 0.01 M- 
phosphate buffer pH 7*1 containing 0.145 M-NaCl so as to give a total 
volume equal to about half the original antiserum volume. The 
redissolved globulin precipitate was transferred to dialysis tubing, 
which was securely knotted to prevent leakage, and dialysed overnight 
against 500 times the antiserum volume of 0.01 M-phosphate buffer pH 
7.1 containing 0.145 M-NaCl , with at least one change of the dialysis 
fluid.
The globulin was then layered on the surface of a CNBr-normal 
plasma-Sepharose column. Non-bound antibody was eluted with 0.01 M- 
phosphate buffer pH 7*1 containing 0.5 M-NaCl. The antibody which 
reacted to the bound normal human plasma was eluted off with 0.2 M- 
glycine/HCl buffer pH 2.8 containing 0.5 M-NaCl. The cycle was 
repeated twice more then the purified antibody tested against normal 
human plasma protein, using the "rocket" technique and two-dimensional 
immunoelectrophoresis. The most noticeable feature of this method of 
immunoadsorption was that selective antibody to specific plasma 
components had been removed leaving other antibodies to plasma proteins 
behind.
(iii) Glutaraldehyde insolubilised plasma proteins - the ammonium 
sulphate precipitated globulins were mixed with the glutaraldehyde 
insolubilised normal human plasma protein for 50 minutes at room 
temperature and then centrifuged. This was repeated once more then 
the antibody tested for activity towards normal human plasma protein, 
using again the "rocket" technique and two-dimensional immunoelectro­
phoresis. No precipitin lines were detected against plasma proteins 
but the reactivity towards collagenase solubilised basement membrane 
remained. The 2 times adsorbed antiserum was also tested using single
immuno-diffusion plus modification by Ceska (1969). Again no evidence 
of reactivity was seen to normal plasma in either diabetic glomerular 
basement membrane antibody or normal glomerular basement membrane 
antibody (Fig. 1/6). This method of adsorption was used on all 
antisera for subsequent studies.
Investigation into the Antigenic Determinants of Collagenase 
Solubilised Normal and Diabetic Glomerular Basement Membrane
Only two of the rabbits immunised with diabetic glomerular 
basement membrane produced antibodies with a titre greater than 1:52 
when tested against collagenase soluble diabetic antigen and these 
antisera were used for further studies.
All three rabbits immunised with normal glomerular basement 
membrane produced antibodies with titres greater than 1:52 when tested 
against collagenase solubilised normal antigen.
The immunoglobulins were precipitated from the individual 
antisera and pooled according to the antigen used. Antibody raised 
to collagenase soluble diabetic glomerular basement membrane was used 
for. single immunoelectrophroesis (Fig. 2/6) and two-dimensional 
immunoelectrophoresis. Using antibody raised to diabetic glomerular 
basement membrane the antigens employed were collagenase solubilised, 
diabetic glomerular basement membrane (Fig. 5/6(a) ), normal 
glomerular basement membrane (Fig. 5/6(b) ) and diabetic and normal 
antigens simultaneously (Fig. 5/6(c) ). Using antibody raised to 
normal glomerular basement membrane the antigens used were collagenase 
solubilised, diabetic glomerular basement membrane (Fig. 4/6(a) ), 
normal glomerular basement membrane (Fig. 4/6(b) ) and diabetic and
Fig. l/6. Double immuno-diffusion using normal plasma in
well A, antibody to diabetic glomerular basement 
membrane, well B, and antibody to normal 
glomerular basement membrane, well C. The 
sensitivity was increased by adding 8$ dextran 
to the antibody containing wells. (Ceska 1969). 
Note absence of precipitin lines to normal plasma.
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Fig. 2/6. Immunoelectrophoresis of collagenase soluble normal 
glomerular basement membrane (ngbm) and diabetic 
glomerular basement membrane (dgbm). Troughs 
contained antibody to normal glomerular basement 
membrane (NA) and diabetic glomerular basement 
membrane (DA). Note reaction of diabetic antibody 
(DA) is greater to normal antigen (ngbm) than 
diabetic antigen (dgbm).
Pig. 3/6(a). Two-dimensional immunoelectrophoresis of collagenase 
solubilised diabetic glomerular basement membrane 
using antibody to ultrasonicated diabetic glomerular 
basement membrane in the second dimension gel.
NP,
Fig. 3/6(b). Two-dimensional Immunoelectrophoresis of collagenase 
solubilised normal glomerular basement membrane 
using antibody to ultrasonicated diabetic glomerular 
basement membrane in the second dimension gel.
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Fig. 3/6(c ). Two-dimensional immunoelectrophoresis of 
collagenase solubilised diabetic (D) and 
normal (N) glomerular basement membrane, 
using antibody raised to ultrasonicated 
diabetic glomerular basement membrane in 
the second dimension gel.
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Fig. 4/6(a). Two-dimensional immunoelectrophoresis of collagenase 
solubilised diabetic glomerular basement membrane, 
using antisera raised to ultrasonicated normal 
glomerular basement membrane in the second dimension 
gel.
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Fig. 4/6(b). Two-dimensional immunoelectrophoresis of collagenase 
solubilised normal glomerular basement membrane, 
using antisera raised to ultrasonicated normal 
glomerular basement membrane in the second dimension 
gel.
normal antigen simultaneously (Fig. 4/6(c) ). It is conceivable 
that a solubilised protein fragment may be present in quite high 
concentrations, but as a result of the glycoprotein not being 
antigenic, may be apparently absent due to its migration off the 
plate. To investigate this possibility, three concentrations of 
.antisera were used in the second dimension gel. Antibody to diabetic 
glomerular basement membrane was reacted against collagenase 
solubilised diabetic antigen (Fig. 5/6(a) ) and antibody to normal 
glomerular basement membrane was reacted with collagenase solubilised 
normal antigen (Fig. 5/6(b) ).
A further comparison between collagenase solubilised normal 
and diabetic glomerular basement membrane was made using the line- 
electrophoresis technique of KrBll (1969) (Fig. 6/6). All the gels 
used for comparison purposes were run in the same electrophoresis 
tank.
Fractionation of Collagenase Soluble Normal and Diabetic Glomerular 
Basement Membrane
Collagenase soluble diabetic glomerular basement membrane 
was dialysed overnight against 0.1 M-borate buffer pH 9*3 containing 
0.5 M-NaCl. At completion of the dialysis, the sample was centrifuged 
at 2,400 x g for 10 minutes and the clear supernatant applied to a 
Sephadex G-150 column (bed size 10 mm x 900 mm, bed volume 1^0 ml) 
which had been pre-equilibrated with the borate buffer pH 9*5* The 
flow rate was adjusted to 5*6 ml per hour and the column developed 
overnight at room temperature. Two peaks only were obtained, one 
corresponding to the void volume and the second to the bed volume,
Fig. 4/6(c). Two-dimensional immunoelectrophoresis of 
collagenase solubilised diabetic (D) and 
normal (N) glomerular basement membrane, 
using antibody raised to ultrasonicated 
normal glomerular basement membrane in 
the second dimension gel.
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Pig. 5/6(a). Two-dimensional immunoelectrophoresis of collagenase 
solubilised diabetic glomerular basement membrane, 
using three increasing concentrations of antibody 
containing gels; the weakest being nearest to the 
antigen well. Antibody to diabetic glomerular 
basement membrane was used.
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Fig. 5/6(b). Two-dimensional immunoelectrophoresis of collagenase 
solubilised normal glomerular basement membrane 
using three increasing concentrations of antibody 
containing gels, the weakest being nearest to the 
antigen well. Antibody to normal glomerular basement 
membrane was used.
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Pig. 6/6. Line electrophoresis (Krftll, 1969) of collagenase
solubilised, diabetic and normal glomerular basement 
membrane. Three antigen containing gels were used.
The first contained diabetic antigen (D), the second 
contained equal amounts of diabetic and normal 
antigen (D + N) and the third contained normal 
antigen alone (N). The protein concentrations of 
collagenase solubilised diabetic and normal glomerular 
basement membrane were the same. Antibody used in the 
second dimension was raised to ultrasonicated diabetic 
glomerular basement membrane.
when read in a spectrophotometer at 250 nm and 280 nm. The peak 
corresponding to the void volume was concentrated by pressure dialysis 
and applied to a Sepharose 6 B column, equilibrated with the same 
buffer system/bed size 10 mm x 500 mm, bed volume 75 ml). The 
elution profile showed two peaks, the first corresponding to the 
void volume and the second to the bed volume. Protein, as measured 
by the Waddel method, was only detectable in the first peak.
Immunological comparison of the excluded peaks from the G-150 
column and the Sepharose column showed an identical pattern to the 
original starting material. When collagenase soluble normal glomerular 
basement membrane was fractionated by the similar procedure identical 
results to collagenase solubilised diabetic glomerular basement 
membrane were obtained.
Solubilisation of Diabetic and Normal Glomerular Basement Membrane 
using Chaotropes
Glomeruli isolated from diabetic subjects aged above 60 years, 
normal subjects aged above 60 years and normal subjects below the age 
of 50 years were solubilised using 5*5 M-potassium bromide. The 
percentage solubilisation varied from 5-24$ and no distinct 
solubilisation pattern was seen between the separate groups (Table 
1/6).
The solubilised proteins were then identified by using 6$ 
polyacrylamide disc electrophoresis. A comparison of the pattern 
obtained from three diabetic glomeruli (Wakefield, Edging^on and 
Coppard), two old normal glomeruli (Gamble and King) and one young 
normal (male aged 20) is shown in Pig. 7/6. All these gels were run
Glomeruli Weight of % Solubilisation 
glomeruli used 
(mg)
Diabetic aged above 60 years
Clements 10 8
Wakefield 12 15
Edgington 11 24
Coppard 15 5
Normals aged below 30 years
Clark 6 11
Male, age 20 10 6
Normals aged above 60 years
Gamble 10 5
King 11 5
Hughes 8 7
Percentage solubilisation of normal and diabetic 
using 3*5 M-potassium bromide
glomeruli
TABLE 1/6
Fig. 7/6. Disc electrophoresis using 6/ polyacrylamide in
0.1-M phosphate buffer, pH 7*4, containing 0.1/ 
sodium dodecyl sulphate. Patterns were as follows
1. Diabetic (Wakefield)
2. Diabetic (Edgington)
3. Old normal (Gamble)
4. Old normal (King)
5. Diabetic (Coppard)
6. Young normal (Male age 20)
All these gels were run in the same tank.
at the same time, in the same tank, to assist comparison. There is 
a close similarity in the patterns obtained from all three groups of 
glomeruli. It is interesting that the glomeruli (Edgington) with 
the greatest percentage solubilisation also has an increased amount 
of high molecular weight material on the top of the gel. Pig. 8/6 
shows a disc electrophoresis run using a slightly heavier loading of 
the solubilised diabetic glomeruli. In this case, three diabetic 
glomeruli (Wakefield, Clements and Edgington) were compared with one 
old normal (Hughes) and one young normal (Clark). Again, the patterns 
obtained indicate a close similarity between all three groups. The 
high molecular weight material remaining on the surface and slightly 
into the gel of Edgington becomes more obvious. There are also 
increased amounts of low molecular weight material migrating at the 
protein front in one diabetic (Clements) and one young normal (Clark).
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Fig. 8/6. Disc electrophoresis using 6/ polyacrylamide in 0.1-M 
phosphate buffer, pH 7*4, containing 0.1/ sodium 
dodecyl sulphate. The protein load applied was twice 
that applied to the gels of Fig. 7/6.
Patterns were as follows
1. Diabetic (Wakefield)
2. Diabetic (Clements)
3>. Diabetic (Edgington)
4. Old normal (Hughes)
5. Young normal (Clark)
All these gels were run in the same tank.
DISCUSSION
It is imperative when investigating a possible difference 
between normal and pathological tissue by immunological techniques 
that the reagents used must be specific for the proteins under 
investigation. All the antisera raised to normal and diabetic 
glomerular basement membrane strongly cross-react with normal human 
serum proteins. To remove the cross-reacting antibody three methods 
of immuno-adsorption were attempted. After three cycles of adsorption 
with soluble immunoadsorbants, antibody to human plasma protein still 
remained. This technique is open to criticism, since soluble complexes 
may be formed and dissociate to produce false results. This technique 
was discarded.
Affinity chromatography was also attempted in order to purify 
the antibodies to basement membrane. Normal human plasma was 
covalently linked to Sepharose 4 B via a cyanogen bromide link. The 
antisera were passed through this column three times and again antibody 
to human plasma protein remained. It is conceivable that the conditions 
for coupling human plasma proteins to CNBr-Sepharose are different for 
each protein present and this technique will only be suitable when a 
single pure protein is coupled to the beads rather than a heterogenous 
population of proteins.
The technique which worked well was that of Avrameas and 
Ternynck (1969) using glutaraldehyde insolubilised human plasma protein. 
After two adsorption procedures no antibody to human plasma protein was 
detected either by two-dimensional Immunoelectrophoresis or by immuno­
diffusion. This technique is open to some caution since in some cases 
if the ratio of immunoadsorbant to antiserum is too high, all the
antibody will be removed, even that which is directed to other 
antigens. The reason why this phenomenon takes place is not well 
understood.
When antibody to diabetic antigen is reacted with normal 
antigen and diabetic antigen (Fig. 2/6) it is noteworthy that the 
antibody has a greater affinity towards the normal antigen, even 
though the concentration of antigen in each well is similar. When 
this experiment is repeated using two-dimensional Immunoelectro­
phoresis (Fig. 3/6 (a) and (b) ) there are common peaks which appear 
in similar positions in diabetic and normal antigen. Diabetic 
antibody, therefore, will cross-react with normal antigen. When' 
antibody to diabetic glomerular basement membrane is reacted to both 
diabetic and normal antigen simultaneously many of the arcs link up 
showing common antigenic determinants (Fig. 3/6(c) ).
Antibody to normal glomerular basement membrane was also 
reacted with diabetic antigen (Fig. 4/6(a) ) and normal antigen 
(Fig. 4/6(b) ). This antibody has a lesser affinity for some 
components of diabetic antigen as compared with normal antigen. When 
both diabetic and normal antigen are run simultaneously (Fig. 4/6(c) ) 
some of the arcs are common and therefore link together, indicating 
common antigenic determinants. The arcs that do not link together 
indicate dissimilar antigenic determinants.
All the two-dimensional immunoelectrophoresis gels used for 
comparison were run at the same time in the same electrophoresis tank.
When the concentration of antiserum in the second dimension gel 
is increased in three sections each of three-fold increases, with the 
highest concentration of antiserum nearest the anode, the results of 
diabetic antisera and diabetic antigen when compared to normal antisera
and normal antigen are essentially the same (Fig. 5/6(a) and (b) ). 
Normal antisera and normal antigen have an extra peak near the 
origin (C). Fig. 6/6 shows a comparison for lines of identity 
between normal and diabetic antigen using diabetic antibody. It 
appears that collagenase soluble diabetic glomerular basement membrane 
has two arcs which are absent in collagenase soluble normal glomerular 
basement membrane.
Fractionation of the collagenase soluble normal and diabetic 
glomerular basement membrane on G-150 and Sepharose resulted in 
identical elution patterns, essentially one peak with the exclusion 
volume of G-150 and the second corresponding to the bed volume. Ion- 
exchange chromatography was attempted using DEAE -Sephadex but no 
definitive result was obtained.
The use of chaotropic reagents to solubilise glomeruli produced 
some interesting results. The rates of solubilisation varied from 
5-24/ in a random manner between the groups. The patterns obtained 
by polyacrylamide gel electrophoresis (Fig. 7/6) shows an increase in 
small molecular weight components (King and Coppard) and an increase 
in high molecular weight components at the origin (Edgington). This 
increase in high molecular weight components is similar to that 
obtained by Spiro (1975)» The patterns obtained from the diabetic 
and normal glomeruli are very similar. It is of note that the 
glomeruli with the highest percentage solubility also resulted in 
increased high molecular weight material at the origin (Edgington).
Had the diabetic glomeruli been pooled together and the normal 
glomeruli pooled together, a significant difference would have been 
seen which could have been misinterpreted as an antigenic difference 
between diabetic and normal glomerular basement membrane, which in
reality is only a difference in the solubilisation of the glomeruli.
In conclusion, the differences seen immunologically between 
collagenase-solubilised normal and diabetic membrane could be the 
result of (i) a heterogenous antibody population, (ii) antigenic 
sites being more accessible in normal glomerular basement membrane 
than in diabetic glomerular basement membrane, (iii) collagenase 
digestion of diabetic membrane results in the production of less 
antigenic components than collagenase digestion of normal glomerular 
basement membrane. The percentage solubility of both normal and 
diabetic glomerular basement membrane is similar.
The results of gel filtration are not definitive other than 
there are no gross differences between collagenase-soluble normal 
and diabetic membrane. Solubilisation of normal and diabetic glomeruli 
using chaotropes results in polyacrylamide patterns which are similar 
in diabetic and normal glomerular basement membrane.
CHAPTER VII
GENERAL DISCUSSION AND CONCLUSIONS
The appearance of kidney glomerular lesions associated with 
diabetes mellitus was first noticed in 1936 by Kimmelstiel and 
Wilson. The lesion, which many workers regard as being specific 
for diabetes, has the appearance of an intercapillary hyaline 
nodule. However, several subsequent cases were reported in which 
these nodular lesions were found in non-diabetic cases. On this basis 
the specificity of the lesion has been questioned (Henderson, Spraue 
& Wagener, 1947). Later work has supported the view that the nodular 
lesion can be regarded as "almost specific" for diabetes mellitus 
(Robbins, Rogers & Wollenman, 1952; Freedman, 1957). There are 
other kidney lesions seen in diabetes mellitus which include a diffuse 
thickening of the glomerular capillary wall and an exudative lesion 
which is characterised by the appearance of deposits in the capsular 
space. These other lesions showed staining properties which differed 
to some extent from those of the hyaline nodules. Since these 
differences existed, an attempt was made to establish the chemical 
nature of the glomerular lesions. The hyaline masses were commonly 
believed to be mainly composed of glycoproteins, following the work of 
McManus (19^9) who demonstrated that there was strongly positive 
reaction with the Periodic Acid Schiff reagent.
Composition of Basement Membranes
Since the kidney glomerulus can be separated relatively easily 
from the kidney cortex, it has been used for the isolation of basement 
membrane (Spiro, 1967 a, b; Mahieu & Winand, 1970 a, b; 1975).
In the present study, kidney glomeruli were isolated by passage 
through steel sieves of differing porosity. The criteria of purity
adopted for the isolated glomeruli were the absence of tubular 
fragments as judged by light microscopy. Only those preparations 
that were essentially free of tubular fragments were used for 
chemical analyses. It is of note, however, that Mahieu and Winand 
(1970), investigating the differences between normal human glomerular 
basement membrane and tubular basement membrane, found small 
dissimilarities in the biochemical composition of these two types of 
membranes.
Carbohydrate Composition of Renal Basement Membrane
The renal basement membrane is composed largely of glyco­
proteins; sialic acid, an amino sugar, plays an important role in 
the properties of glycoproteins. During the synthesis of the oligo­
saccharide side-chain of glycoprotein, the addition of sialic acid 
by means of a sialyl transferase, results in the termination of the 
carbohydrate unit. In general, removal of sialic acid from membranes 
and the surface of tumour cells results in an enhancement of the 
immune response (Currie & Bagshawe, 1968 a, b). In addition, the 
importance of sialic acid in the kidney has been investigated in a 
variety of non-diabetic renal conditions (Blau & Haas, 1973) with the 
conclusion that a decrease in the kidney sialic acid content anteceded 
proteinuria.
The results shown in the present investigation indicate a 
significant decrease in the sialic acid content of diabetic glomeruli 
and normal glomeruli above the age of 60 years when compared with 
normal glomeruli below 30 years of age. Expressing the sialic acid 
content as a percentage of the total hexose, one out of every three
residues of sialic acid is either lost or replaced by other sugar 
residues in the diabetic and old normal group.
The glomerular hexosamine content of the young normal group 
is lower than that of the old normal and diabetic groups. However, 
when the glomerular hexosamine content is expressed as a percentage 
of the total hexose, the results are similar in the three groups;
22/ in the diabetic group, 25/ in the old normal group and 24/ in 
the young normal group. The molar ratio of galactose to glucose is 
similar in the old normal and diabetic groups but lower in the young 
normal group. The molar ratio of galactose to hydroxylysine is the 
same in each group. These results indicate that galactose- 
hydroxylysine linked units are greater in the diabetic and old normal 
groups when compared with the young normal group.
Amino Acid Composition of Normal and Diabetic Glomeruli
A summary of the amino acid analyses on diabetic, old normal 
and young normal glomeruli is given in Chapter II, Table 3/2.
Complete data on the amino acid analyses is given in the Appendix.
A very significant increase in proline, glycine and hydroxy- 
lysine was found in diabetic and old normal glomeruli when compared 
with normal glomeruli from subjects below the age of 30 years. 
Associated with these differences was a significant decrease in lysine 
and histidine in the diabetic and old normal groups when compared with 
the young normal group. An explanation of these results could be as 
follows; the increase in hydroxylysine, and to a smaller extent 
hydroxyproline, can be due to an increased hydroxylation of lysine 
and proline which increases as a result of age, therefore explaining
the decrease in lysine. The decrease in histidine found in the 
diabetic and old normal glomeruli when compared to young normal 
glomeruli could be due to metabolism of this amino acid via the 
formiminoglutamic acid pathway. Histidine is converted into 
formiminoglutamic acid via a .deamination and a hydroxylation step. 
Transfer of the formimino group to tetrahydrofolic acid results in 
the formation of glutamic acid which can then be converted into 
proline via the production of glutamate-y-semialdehyde. The 
possible increased production of proline with the associated decrease 
in histidine can thus be explained. The increased glycine content of 
diabetic and old normal glomeruli could be due to two main factors. 
Firstly, the glomeruli could be contaminated with fibrous collagen 
since glycine accounts for 35s$ of all amino acids present in collagen, 
but such a contamination, due to the method of separation alone, would 
be rather unusual since the young normal glomeruli were subjected to 
identical separation procedures; secondly, there is an increased 
content of a collagen-like protein in diabetic and old normal glomeruli.
Electrophoretic Identification of Solubilised Glomerular Components
Collagenase solubilised protein components from diabetic and 
normal glomeruli show some similarity when investigated by two- 
dimensional immunoelectrophoresis. Diabetic antigen appears to react 
less than normal antigen with antibody either to diabetic or normal 
glomerular basement membrane. This result may be due either to 
antigenic sites being more accessible in normal glomerular basement 
membrane or that collagenase treatment of diabetic glomerular basement 
membrane results in a lesser number of antigenic components. Poly­
acrylamide gel electrophoresis of glomeruli solubilised by chaotropic 
methods show similar results in normal and diabetic glomeruli. Iso­
electric focusing of collagenase solubilised glomerular components 
using pH 6-8 ampholines in 6/ polyacrylamide gels was also employed, 
but resulted in poor focusing of the solubilised proteins.
Immunofluorescence in Diabetes Mellitus
Diabetic kidneys were investigated for the presence of antibody 
on the basement membrane of the glomerulus using fluoroscein iso- 
thiocyanate conjugated antisera. It was found that all the diabetic 
and normal kidneys obtained from subjects above the age of 60 years 
had a linear deposition of immunoglobulin around the glomerulus and 
inter-tubular connective tissue. When kidney sections were treated 
with phosphate buffered saline alone they still fluoresced at a wave­
length similar to fluoroscein isothiocyanate. The use of a cut-off 
filter on the primary side of the microscope to absorb all wavelengths 
of light below 475 nm totally quenched the fluorescence, indicating 
that the fluorescence was due to an alteration in the molecular 
structure of the kidney. When normal kidneys below the age of 30 
years were investigated, no fluorescence was detected. These results 
indicate that the changes which take place in the membrane-like 
material occur as a result of an aging process similar to that found 
with collagen (La Bella & Lindsay, 1962). In an attempt to produce 
an in vitro crosslinking of collagen and therefore induce an inherent 
fluorescence of normal kidney basement membrane, normal kidney sections 
were subjected to 27 K.rads of ionising radiation (Bailey, 1967). When 
these kidney sections were investigated by fluorescence microscopy no
increase in fluorescence over control sections was noted.
A diabetic kidney showing the presence of immunoglobulin by 
immunofluorescence, without a 475 ran cut-off filter, was investigated 
by elution of the deposited antibody with acidic buffers. Characteri­
sation of the eluate showed the presence of a protein which reacted 
to specific antibodies raised to normal and diabetic glomerular 
basement membrane, but did not show the presence of any human plasma 
components when investigated with antisera raised to normal human 
plasma proteins.
The sera from diabetic patients (3^ -) were also investigated 
by indirect immunofluorescence using rat kidney sections. None of 
the sera investigated showed any fluorescence.
On the basis of this evidence it appears that diabetic subjects 
do not have an auto-immune process directed to basement membrane.
Cell-mediated Immunity in Diabetes
Diabetic patients were also investigated for a possible cell- 
mediated response to basement membrane. The leucocytes from diabetic 
subjects were isolated and subjected to the leucocyte migration 
inhibition test using diabetic and normal glomerular basement membrane 
antigens. The results indicated that there was no significant 
inhibition of leucocyte migration in the presence of diabetic or 
normal antigen when compared with an age and sex matched normal 
population. In conclusion, it would appear that leucocytes from 
diabetic subjects do not exhibit an in vitro cell-mediated response 
to either diabetic or normal antigen.
The present study has shown that the change which takes place 
in the diabetic kidney could be a result of an increased synthesis 
of a slightly altered basement membrane or a decrease in the activity 
in the enzymes responsible for the turnover of basement membrane.
There also appears to be a close correlation with the apparent changes 
in diabetic glomerular basement membrane and the normal aging process. 
The process of aging leads to a continuous production of free radicals 
which can either become expressed as (a) oxidation, (b) oxygenation 
(hydroxylation), or can be neutralised by reduced glutathione which 
results in large demands on the production of reduced nicotinamide 
adenine dinucleotide phosphate and therefore its generation from the 
Direct Oxidative Pathway.
Diabetes might simulate and accelerate this process because 
impairment of the Direct Oxidative Pathway would lead to impaired 
reduced glutathione production and, therefore, increased levels of 
free radicals. These free radicals would lead to a greater oxidation 
of tissue components, for example, cataract of the eye and hydroxylation 
of proteins.
It would, therefore, be interesting to investigate the chemical 
and immunological composition of glomerular basement membrane obtained 
from diabebic patients below 30 years of age. This would clarify the 
situation as to whether diabetes mellitus is a result of, or the cause 
of, an apparent aging process.
In conclusion, the line electrophoresis comparison of collagenase 
solubilised normal and diabetic glomerular basement membrane (Fig. 6/6) 
demonstrates the presence of two antigenic components in the collagenase 
solubilised diabetic membrane which are absent in the normal membrane 
(indicated by arrows).
APPENDIX
MOL AMINO ACID/IOOO MOL AMINO ACIDS
Patient's name: CLEMENTS EDGINGTON WAKEFIELD COPPARD
M m o  clqjL&s :
MEAN + S.E.M.
Lysine ' 59 51 57 40 56.8 + 2.0
Histidine 16 11 16 17 15.0 + 1.4
Arginine 50 51 ; 48 51 45.0 + 4.7
Hydroxyproline H : 17 16 - 14.7 t 1.9
Aspartic acid 78 75 80 116 87.5 ± 9-6
Threonine 45 59 42 45 42.5 i 1.5
Serine 55 51 55 51 52.0 + 0.6
Glutamic acid 110 108 101 98 104.5 t 2.8
Proline . 65 75 68 66 68.0 + 2.6
Glycine 184 227 210 179 200.0 +11.5
Alanine • 66 66 74 70 69.O + 1.9
\ Cystine 18 20 15 17 17.5 ± 1.0
Valine 51 44 48 49 48.0 + 1.5
Methionine 12 17 10 9 12.0 + 1.8
Isoleucine 59 55 57 41 58.0 + 1.5
Leucine 80 69 75 77 75.5 + 2.5
Tyrosine 25 21 22 24 22.5 + 0.7
Phenylalanine 40 57 55 55 56.5 + 1.5
Hydroxylysine 22 25 16 17 20.0 + 2.1
Cysteic acid 1.0 0 0 0
Methionine
sulphoxide 0 0 0 0
Amino acid results of diabetic glomeruli obtained 
from patients above the age of 60 years.
Complete data is presented in Appendix A iv
denotes absence of peak due to technical failure 
0 denotes absence of amino acid 
S.E.M. - standard error of the mean
Appendix A i
MOL AMINO ACID/lOOO MOL AMINO ACIDS
Patient's name: CLARK MALE TUCKELL CHILD
MEAN ±
Amino acids:
£JL,E.
Lysine ' 45 52 45 54 48.0 + 2.9
Histidine 19 22 19 24 21.0 + 1.2
Arginine 50 60 - 48 29 46.8 + 6.4
Hydroxyproline 15 9 15 9 11.5 + 1.5
Aspartic acid 83 80 79 88 82.5 + 2.0
Threonine 44 45 48 50 46.8 + 1.4
Serine 57 57 55 57 56.5 + 0.5
Glutamic acid 119 • 105 100 124 111.5 + 5.8
Proline • 52 59 64 49 56.0 + 5.4
Glycine 175 152 167 159 157.8 + 7.8
Alanine 75 75 72 79 74.5 t 1.6
\ Cystine 20 . 19 16 19 18.5 + 0.9
Valine 50 52 50 57 52.5 + 1.7
Methionine 15 18 , 20 14 16.5 + 1.7
Isoleucine 59 40 41 46 41.5 + 1.6
Leucine 8l 84 87 92 86.0 + 2.4
Tyrosine 22 25 24 26 24.5 + 0.9
Phenylalanine 55 55 54 54 54.0 + 0.4
Hydroxylysine 16. 17 18 10 15.5 + 1.8
Cysteic acid 0.41 0 0 0
Methionine
sulphoxide 0 0 0 0
Amino acid, results of normal glomeruli obtained 
from subjects below the age of 50 years. 
Complete data is presented in Appendix A v
0 denotes absence of amino acid 
S.E.M. - standard error of the mean
Appendix A ii
MOL AMINO ACID/IOOO MOL AMINO ACIDS
Patient’s name: KING BUCKLEY HUGHES GAMBLE BLUETT COPE
MEAN ± S.E.M.
Amino acids:
Lysine 37 38 40 47 45 35 40.0 ± 1.8
Histidine 17 18 18 19 16 17 17.5 ± 0.4
Arginine 50 52 52 51 55 52 52.0 ± 0.7
Hydroxyproline - 14 14 10 17 - 15.8 ± 1.4
Aspartic acid 82 8 1 80 90 93 80 84.5 - 2.5
Threonine 44 ; 42 43 48 41 41 45.2 ± 1.1
Serine 56 .53 55 59 50 53 54.3 t  1.3
Glutamic acid 104 103 111 104 102 101 104.2 ± 1.5
Proline 72 72 64 61 70 77 69.3 ± 2.4
Glycine 197 204 180 155 195 214 190.8 ± 8.5
Alanine 70 69- 68 75 73 75 71.7 t  1.3
\ Cystine 0 15 20 18 14 18 17.0 ± 1.1
Valine 50 47 46 52 46 46 47.8 ± 1.1
Methionine 0 14 11 15 - 11 12.8 ± 1.0
Isoleucine 37 37 38 . 39 36 34 56.8 ± 0.7
Leucine 79 75 • 79 85 75 72 77.5 ± 1-9
Tyrosine 19 22 22 25 21 21 21.7 ± 0.8
Phenylalanine 36 33 37 35 32 32 54.2 ± 0.9
Hydroxylysine 18 13 21 13 21 22 18.0 ± 1.7
Cysteic acid 19 0 2 0 0 0
Methionine
sulphoxide 13 0 0 0 0 0
Amino acid results of normal glomeruli obtained 
from subjects above the age of 60 years.
Complete data is presented in Appendix A vi(a), A vi(b)
- denotes absence of peak due to technical failure 
0 denotes absence of amino acid 
S.E.M. - standard error of the mean
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